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The~~~~~~ ]"N p"roaio s rivate, nonprofit organization whose j~r~ncip~a1

Iflj, developinlg zin, aj'pproai id s

M>'.1Veik, com1ple x q uestions ofeli(ýIcc in 'I lie, faWc 'el of1 CCrtai 11t)(, Such as cuI
im probih'ns, of i;vail, A o r Iiefn This aipproaich, rooted in the operations
atialysis te.;chni que, developed duiring WVorld W~ar\ I, is 11ow apl)Pied to

prohlcnis of deveidp~nient, dis t Lnmcnit,`tnioJ dAi irene, aIs wel as toI
miltar opra ios popet Y t~ts etodologyIis by no nicansflly

dcvelilccied: nor- are. its suiccesses and faillUrd4 yet conipletely understood.
Dur11ing 1955, a a-d again in 1959, 14ANO)1 ýflcrled ail in1tensive tiVe-day

course entitled "An' Appreciatio J.AnalssfrMlti l)eeisions"t
nililarv ollicers and civilians ms(ciAt with the armed forces. IDesigned

.Primarily for decisio n niake rs and not 1or analyst's, this CourSe dlid niot
attemipito1 leaich operalions research hut. 1.6 point oti I Ilie weak .icssc~i and
possible JthLISCs, al, wel a!s the. ied c~iven ess, of an analytic ctlproachi to
long-r~ange, njilitary plannling. ht was based on thle preinise th hat11 decision-
maker can apilY-ecýatc analy'Si and 1se itS resultS Wi11 ticon lhlei~Ceý' without
knowintg how to '(erformn it.

TIhis hook' contains; the leCCturs (some eXtensivU &visedi) that were
givnii [lie coulrse, pl1us somte S Ul)Plelnen1taN'y n1ater'ial i 11'm lot a reference

analst iliarydeciion. I islittle more 1man an a te~npt at a critical
it evalluation. lb'c conQ.epts and methodology d4SCUSSed, 11OWCve Should ?

useul~l'to those conce,;fle(1 with the military aspects of' national -seem i aYl
sho bid he adap tiable. It plhlnnipjg anti ;iiiilysis in ,iilany ilo nnl 1nllh i 'hields

as Well .

IfV,



A. wor k ol binls type 0li01 inc(sil) [Sai niy peopie l~im 11'uiicd n.1 t'ihe
N tahle of cooltents. "Thlese irt people who havL, worked on ýsptuaI 'sv~stein

anlalysesýý. aild thenl consciously thought abouit 1 he methodology, deve~iopi iig

the concepts and 'techniqUCS 11nd learning through experience.
T'~h a'uior -re ihetc 0 ýrious RANI) tAflY members and consullt mv

who eritl/Lacdlety ifilltinl #eti:s1and t lie preý"cnt cofllect" iu .Spc0
eco(grl.!tion sfiuld~b giwcn to) 1). 1. LFort, Hermnii Kahn, 13,. 1.I. K kinl

1C. 1.I 1i10mloli. l6V~.il N'~ru1AM, A. MV Ni'l;shall, I.. J~'.v~' and J, I)
'w lYllinh[ýs.N ý;ll ") ihrcir ido'im ýii1(1 4ý1iiictinis 'xcm, ti r slluIatloli]sIS lioiji

t Jill-, I I. I I); ; if ! V I I I 11i1

.4111t j J. 0.

44
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ehWII lilth I ],,)tI Of :1110VSiS \LI- fO roqli Cit. I lii'se werev dcvclomcii Ihifiling Worldt

11 'All:iid toiiileud the h~eilutifngs of a!'h5Aiv of' knoIir'vlude callcd at that

fjiill(. oci~i'OIISi\ Midyis afatcdt( III iis vma otis vxwnsim us. 0pC!"Itiuils

I c Si L' I. kl lisLii cu IICCI g lvl ý 0 1" IIP ' l fill Ocuhll. t sci. incc. costLclieitiveull:s ana Il i\ 1

~~~1iai~~~~~ 1,tnsIa1l~it. llA SILS a the i illi .alý- C,1 hUt 01-011i412d eili Is II

-tliilald piovided dthe, rel'LItS t o thei grlnwtl of: activity o!~ this t uiii,

illih, tht US ui. I t.i SCIiVCýL' probli-IiI'n 01,11 iiiglit

Lrd ii lriiv he t hought t,11 is Yýilw 0 1 1f 5 1 1 )1  h ii jil~lpulpe rtoltn ll.

theo I I ilittleýy!toý benms g\i lz ilm"ll iHccilS hiltco

bolth ullof uii i~v o rc,e o, inFss iu iic.~ 0:1 11-H, ce2 n ~ uilian-

iactlim ~ sti , it'd ýJlrw lly to clitilOJOi ý" :!:IicS1 all itl ittty ia~t

III particular, it is I itli, Iclltlv ajiplielito sititldics cmncet fling iiatilimill or ins~titul

Htioflll plariilimig iliild~~ wherev I! ' ilea (1ii 11(1ji-cased, iig clfeic~cI'v ~is almst

Il i~fiji~les. It is k:sen oilkkll ii i wity III Owl icIl(Iw'ilg; chaLpters. ill Siiyi ;I list',

it is 1tnuii n;i ((Ii shouIildIj;' ý~ii he ilil oy oft knowledge and tCChIIItttLC litin

lvi Apj cilii' iIu I Ihere is less -'rýohl is ionl amlong tile other

A i¶S~i~~li lot iiIiiII W y Ii Aliltsc imi"ics have "'r single established ref'erent.

I'll.llil lýý ;rl J Ii Of- stilit~ sr

I I I 1 I 1'i I lit ý Ilklc 511 lprohlhll'n ý ileal [i n with till
YI I l ii'II'I I'Itiilu :M~iil5 i ~lcd "unilliloilige cilt

hi II,1, 1 1 '' II' I I ,iii. lteI.'-ti.ii I. I. I c !" Iin Co st s or ICsihi e

AI i. Ii Ii I I I d~ WI Mlu vc f N' ~il aiiry inig out sonlic specified

lilt 1 II I i cost-0dhOctiveuicci's anailysi;''. 'Op"r!

Ia ' ll, ei ~ Il> ' 4L1,iil tI those stiLIhjIcs it] hntiI~s siip~i

'I 'Y

Ii, 1C, P In ft;,N
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4 Oi{I N FA I ON 1i.

When used in ilitry context, the lahtel "sy~;teis analysis'' is alppHed verv

broadly to ainy systematic approach to the L'ninparison of, alfie~ atives. Thus,

although th& ceharacter of an analysis addressed toy such a problem nas fi proving

the opeimational characteristics of a radar network may be inherilnrtlv different

frodi onte iddressed to the, problemn of incroasing. thc stability uL) the theri mo-

isuoelei alan both Would be identifiedj as instances of syatem anlysis.

Al though tbe iv'rni ope~ration's research or its miituary equivalent, present-day

operaticins anai'ysis, might -(,,asnnahly be applied 6) the effort to increaseI

Officiency in tlie radar nctworK, a now name is needed for theo type of, study

that might he usefully appiled 'nit)e dimii ievei probilm., Inci(ýentaiy, it
was" not the systemiatic character of these stkidies hut rte[fe11ailCof

the ~ujesbiginvestigated that originally suggested the liamer The first

postwar '-icwere pri nuarir, conicerned w'ith, t C .......
ý' Laltati ns -d'eitaken to enable. decisioinimakers to choose among systeriis'

to discover hethicthr a given sys~tem wouild uteeompli.0 its objectivc~, or to H(J

Lip at frainework within which tests of u~SyStdirn btu e' prepared ca'ntj

-Iaiir toi~r he caiied. syiea. alysis".

In lighit of its:'origins and1L itS preent uIses, SYSenc; analysis might be d~efipe

as inquIry to aid a decýisionrlaker choos a cedtrse of' action by systematically ..

investigating his proper objectives, comparlitrg qijm~inituitJY.,g_ h,~ r2possible 'thle

costs, effectiveness, and risks ,associated with the udlerniativu I b'5..ige

for achieving them, and for~izulating eldedauoiul ( ic" 1erfloi IeA' if those 1km'UnimiI

tire Joe1i.d wanting. System Is analysis repiresents, an approach to, or way (11

-Associated] with, national sec urity. In such oroblems, objectfives are usuall

mutplad pyssibly conflic~tinig, and analysis designed to dss'ist thie deISion1Y '

maker must niecessariiy involve a large element of judgrip ent.

The concept of a syste.Ms analysis-ix hy, no. meanis e.NC,11usivycly llilithm-y, huqt,
one that is' use'd cektcnsiVelý- by manageis' and enginccrý', of latrge inidus~tial`

entrrss swq a tclephio, co0e ad poues,: an~i. distribfitorý',' Of

electric powe&._At o~i1ers a 6-ians of discovering how to' d Uin or ,to "Itko'

eltecti'vil use "Lver .timne of ti tcdinologicallyt citrnplex Itc Jre i he h

different," comnponents, may Have apparently confliciting objectives; that'ý is, u'19

apprieh o eo~msiiga strat~gy that yields the best blneain ik~ lc

ti'vcrms:s., and Cos" s. Its pul-pose. is lo, plac eahem nt As, PIrp <,on tCxt

;lso thlit inl tHui e-nd, the. system asnhl a ~ci t ims withý a 1 ri ninjial
uyl)otr Ittil e 6ft resourc es.

'11 t~y rs16tnh normal buisiness systems analysis is concvptually s ibplei.

For one th'ing, Irl Siuch analysis there is, usually a sinK*le over all objectiv'ý,-- the

mnaxl.1uizatrio df profits--whicb cpn be, measured and expressed in 4b 'Itsamcid

A1 I



I, II IN fROD14.C I ION '
terms as th(I cost. For another, conflict'l playýs onily at iiinorý' rolei. As Albert
WohlsLetter h)as *po0inted out,

/1 omncbody in thle Bell 'Iclepholne S.Istenrt has to worr1y ab-oult ý,Itgs or plugged
nickels, in their coin boxes, hlm in generlal Bell does not haive;'jo worry aboutI
anybody jammigteriir''v ea sa intetrrotion 6"f their normal
pea(cetime hs es.'
I~ (ly nayi stud ics, (:ondhuctc(l by mii i cn"0.u.y anaiyticr aUl~CI inL~rlcn

tractors,, or organrizationls, Such as ftAND, wlhich 'were explic~ity founded i.) do

SUAt work, have conic to exert a considcrable influence oln many mlil-itar-y dCCI-

/'y Air I ~orcc. In iact,tlj chiaractero aini security problems hasY changed

Iso munch i~i~the last, to deccadcs that thle. military decisionlormakci, whatever
his b ranch, has almvujst no choice but to suppltenictit his jugmnt `;,nd cx-
pcriciicc with the rcijtilts obtainedt through systemi s anfly~is ;T.) Clarify thle
ii can riig of systems Talysis, ]tnight he especially Useful! ýto VIov fr'mIl the
generality of the definition giý'cn above to what thiat defifni'ti m implic.s and
assumies. This can perhaps best he aiccomplished by ýionlt usting 1.ystem~s

analy'sis with ptirely SCienrtifiC stu~iesI, -with operationls ani ais, nd with

oper tions ý,cseai-ch, narrowriy defined. pwraou, ntdrein a

4oulidgi oncve\ remarkixI iii' relle~tirg onl the fessions 'of NV 0oLIld Wa' 1), it is'
not diffiettlt to see that the. control or 'manipulation of th'is power 'is at best

a qusi-sientficaffair-even if Scientists th(.ronsel es areiinvolved. Th e thr
of an early systemi" r1Jhalysis, theI I eport on,114 ;thel nenat ýnainCdcotttrol of4 <.tl

I:ex,,put their task' this QN'ay. "We are not dealing 'sinil-ly with a liilitary
01 s~cientific problem hut With a problemt-' inl Statceraf[n thle wayk4th

hmnspirit" ajn ob-servationl that, then and now, could ;sc~ryc adecpatuvly to
separate s~'stem, tnlvi froml svcienc. per we. Rather thak iliiirelv to tinder-
s andl and predlict, th' aimi is also to suggest policy, or, at 'he UVerv least, otffer
advice: H14ence, syste,,,ill analysis is at,.1once compelled, to "tdo philosophy, -to

-consid2i,:r some iitinncdiate, diverse., an'lI comiplex queStions of pi actical VaIlues,
Thc use ejý analysis to belp with dcsioii of on kindo nte n

-. business, defense, ot; government has long be'en Nvidesprecad. Butl even assumling 1i
that this "scientific' hlcl is nlot cunsidi, eQcmlt. nl~e.ss it emibraces somneJ
recommlendations concerning policy'ý if s;till Woul not L111fy.,S S~lfl
analysiSK 1-o~r much of it for exampleil that which appears uinder the Fanams''

"'Strategy and, the NatLIlal SCicritisflsk", in Robert 6ipi and Citphe
Wrifllh,ý (eds.), Scienlistsr and National Policy Makingf, Columbia Univcis~it9 'rcss-,
14m Yu, lk, "196 3.

~'Prepared for thte -Secretary of Slate'.s Committee on Atomic Energy by a
Board of Consultants:CQ Icýster 1. Barnard,j. R. Oppenheimer; Charles A. Thomias,,
Rarry A. Winne, and( D1 vid E. Lilienthal, Chairman. Departniient of State Piiblication
Noe 2498, U3.S. Governrl ent Printing, Office. Washington, D.C., March 16, 1946.
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esO tt n y i ~ tk or illpt, io ds e ~gineerifig. S j ;i '0 1 -i k !
itsLVAYv nNIi ver narrp[)\\',contexts.. III [lildcir jpirilPCIi's (A iiatioinat

SO. itrit or iiilitiiro phaniiiiijd .(and .'Stltccratft aind the Nvqvs ot tiehciurniim
spirit,* I ''cv of Ocrcnl ap rých is requi red, aoul scientists theinsci yespr

MONiC ii I'' iLot 1t1,1ii the Iiicithoo-H itt wlt i N icti they, ;Ir ic tadiitoria11 Iv oi ofc~d.~

an il\ sisý ti hi C, Ii _lS of IofI I Iar1, despite tthci! conolniol III it italiiV : )pplica 2.
inWidWi l nlsts ý,'CI-C eoiiiCCInlCjt Vwith th10 da-od WVtiViticS

of .bilitaiv orumuxiiiaion lio 'with tindincg vwoss to ehliminate warIT, of- niazkcý
i'li c - I oi deterý it, or- it"t' s iicaisurc. A;ii!es, -make. it possible to

I I se hat ou Id he aý catilst roph'cs witl hoio I'cdn. ~ xnii.

illiipoi lant, p1)1cml ;itoilQe earlier i.itt was, to (ilisoyer an uutninisac

taidtI rii \ith -i tic h our dcist royers might locaite cnl In yt tai I IhIaI r I' ittietii

ol cil\OL s.V I OLIJý* SystemIs 11iii '1 alvI ni't ((I.Ifi 1ai 0t ioni (ml' I ethrcatt by
enICImIIN SIjjltihiNalieS toSllilippiii[il.ht to thC shore a IS~~t Vo lilt- t both threats.
tio iii~st I, I;ic tltile Iity(\ of en1tirlyCN iiCW eiiiii~is(tdtcin

I~j'':Cl~( (01c s, iiic', not yet built, or- cvcnl doeClc tic tt
to . 1 . al[ c ii 11

11h;it, thle dest roye r I I Igil tIa it haw m i iisitciilurile. rotc in uwmter world
W'1 C,~ tic 111unSi alo "'~, h.mnyrol ht ithe ...... r.. 'd

111. 1t1c themCu the 1 ind C ~ wel asý I h ;ISe11c i briiigs to 110 tuiestmon
(it' ith prL e tids tiion odpt c

Whcice,;. theu o4peratio~n,; minalvsýts (Ah 19) i 1 t9.0 were eoCinedlii -)iijV with

tut it1iiutieiis tat illolveit tti iiill~wiitlctat t1WI iitieue , el", ~ iiui

p olm itt oi I um o I Ic d mit- , lo~thc ihu I".w ý isst1 1 to' !!! i~i h : I ola r tw a e'

t It Ittaledt iini)iui to dleal wvith hil [tCeNtILýleuiel senslitive tpruhtciii oft t1 tie lo~i~iu

-.in uevotopniim lit ( cA V".pmli s~ysteums ti~at nmay hucolme m('1hsolctc. in 1css tulle I

t han ut I akes to devetemn tiemii 1)ccisuuiittt 'll;i(Ic dIhoifi s~tch w';i Iills nii I"lA

aittcct OtW L:i~patiititiy 01t tfic :1Ml imie IV" to(es fir tov fi ell years (,I- iiioie
NMof-iovoi the iiincorutinuty oit the, iittirl\ nu1cais thAt inaml) itvtacoirs whicht Canl

lie tiikenl 1_' veu I IIl a Li tid of' CMnf('!t operi,1l mis t1 econic frtilIr

"iia ;itii , fl-u tiutuim. 1-inetw, theret1 ;,, a vaýst incrcaq~p i-i the 6umbtiuhe of

(I utmIuu'v to he 11 vest Igatf_ mId explil~ith tucajiedi ttujs 7ipptmes nilt onty h)

mic Im .

cii I t lix e ni a iiloot ' Soilia hti ;J mis t i o mntplc it, u c i ss mi v u iui pt " tai

tld 11 il "dtillv ct'iit 1 ikt iel.i euht Iu l l \uuijput i ititiry". I I~ tou i ( tu~,o s

ttuec' suiitiiscs~pvciatly Whcif[ wecighed ill tight mU t6(c allt~ ~ i

cieiiS 1 tis'O iC tiouis 'rire kept secue" mi~kc siuit I) iim/Aliin (tflly ICi

a1



I ioicf, I lie mJIVii nIni ini whfich the oqeicjsc'4 or IAge are it) he usedc

'a ll( ol (,he 'flt oif tlieii' introdnllticin onf tlipit ellVITOnl icillt. in tin Nlenl o1

Am n Y M l fllliji i.-lersi o* s e~ nC i isaI) .iyi., it i,,,: iiee'ssai' y

to:repace the pecenieai ecoilpflfent, cptilAiJionk t~atý ofperatiolis, anlafcc s

mght provid c\ a MM"Ji mb efcis f-temitien Ii whiR eiipliai iSpycac on

"'Nilintl-TNICL' JIML11*00LS ýllnflallx 4 cryreleviar!I p roblem.
lin a, sow se, tie inain A fl rence between sysictenlsi analYsis and oprtin

isicinay well lie just in eihs.A poocl ,~:i I lie l eaicrwr tended

ýto eiipiii iathelfwi~iial iiioiels anid 'optiiiizjlitiii Htcncle -onior.- wtc'eii

to~ prat it olotrs whoc 'mcd or imlproved mtadl hl h w'~a eiftniihiiti" iKe linear
A ;;,ilit'l~iniiig (Ii' f(ieuICi. )1or ltr'and founiid iiew apiplia otios for ,hn 'Ihese

pepl '(4 I (I' Ilt/IC a'tii ssOCtal i~tC~t Wit vh ýeesi~i~lnu)AIcS l wha ~~t h2:
ol~i['.ii'et wcan Iiioc to c0Il~putc/ iheir' cl(ysls, ýNrgclý, in"! ritvms, Nm

\ smile. clear cil l' ioin. 0)it tlie otherý handI. sv.sicnis;analvthSk whc fiti ii ý

rrakeA Qs on ch of the same niathernatics--is ilssociattcd wiNythI tit it class,

c"I prohleiiis where ih', ditlieriilfy lies ill deciding MhINI oniigh twlw In 11 dn iRM

-ttimplyIt~c dc.;c, it -- ,Fid tit-, 1 0 5 c. c,- to c.c O C
4 

"An have the iiArt cit pud Nc

fortiiii sinipty, to Ifind 0111 'Awit~. tlie problem is.'it.ttlanlyi 'in as

likely to buw a Iiloie ctiiiplex amuldls neat ant ti(,dy p-ruceednic l ciic'idorii
* suital fo unittv ltniiiatiiin." In fact.,' the Jniiiceýsis I'to ci lii týc. ct

svlIithcsis: The cityironnient ~silhave to ho. firceist2! tim. adtetn/dives (ef~

ijic the icperatioitiI laws inverifedA. 'litits, With Syste'iris FNYk a0alsis :ii S oeiý;ie,

l'"broad", "loiig-t'am'c'. "l~igh'l level., I' loi~' mfoietv'' ihcts ill

"eicica ot a, Strategy'," jii" an1 urltPv' n itss~alet foiieai

"Aliniitoiit. Ill Coiitra."[, With cci2~l~i 'eseijiefi one flSoisiejca 'low eel'
"i)vr-ahi iiiaxiniiiiatioii riillili N, iia lti v 'r ci~i;111 i'il

j!d IVI 'th optimal solu!.ii'oini. '
'IiihrLth analysis of weapoli''or Mmlrthie 'gs fot' fiuture Wais, pi eýtents a

I ew kind of -problerim, essentially dill'm tent any "'tretdb ea ni

wrar nWocild War IL. or even A 1A litorca War' Ihe .cccfditioiis (0'
N'sir re itilfereilt. 1 lre7'e is usIiaily nmri [e ýýtifrie , there are latg nc. ohipirfa-''f

ILI Jola there, is a1 gmtiCa deal OT ' pcci uflta av iih~bc, hmi VJIrliially *

if . mat ~~~~~~~~~ ~~of 011 li0'srdoW'r~itOnal infoi'iai ic j l ratr hth eefl

is cfillierciit.. TDifll'tA-it SOitu' Of dnestc~iols, ImneHdiidnt WhN if- (,fit- ahw on? r
i'klrecf llic ge nI-iiniici o ll iitcriýJcpeudenit f'lctorL)\anlist hi osd'i 1 d'ilt la

rr' wiciicrdch'iii itlseit Ii obvio's Iii (ciii I did' I it. o"pva i'on ll a. akohr- a ''i I '1

11111 -iii ci (11C, vahc 1 n l~hicy coii'otitiici ai ''I iital ipairt ofi irvcri''' iilql!ry.

ipllioach mig~ht he helpfl.Il i li t if afvisiirg on ~tht c. lii~i f :I iý,xt-gei1C iAnini

Nil. lcclftim m ii 'tI orn i air'oig several pdissildfiliticL; 116mw i!s (lie best Choice

to hu oi adle? I lrigijwrree' ordinarply I funk If tile 1001iiiic m iilitary air

it

'' I I Y



8 (w1ý IN rA lIION .I

veihs InI termis ot such qlujlities as range, spceed. altitudeC, r'ate o0cib

maneuverability, and ii'ý,uracy. An excellent vjehicic is sometimes said to he
onle in which the values of several ot these performance parameters arc madir
-is, high as possiblc. But this is clearly it nlqniingles,, statemencil, Jince. t I csc
qualities are not independent. Consider, fo xmlguidanice anid control.

Without taking a -systorm" point of view, IL mighjt Seen) obvious that,'I' if the
accqjracy of 01g, 'missile can be mlprovVýd, the result wil be ore cimy
iuishýilcs or ,planes shot down. It does not follow at all, hiowever, that the moest

accLurate mIIisieS, or, for thait mattq1r, will even he the One with the highest
effctve ve-al dfene yste wilI Anecessaiy l b valteson thaltIl uses the mspotete for killing enemy veicls An.'Ieialvle lr n~sibtn

kil "6pability of a miisiile-defense' systemi m ust depend (m" at least fI 0

factoi; first, 'hi niunber of missile emplacemients wAil hiii range of which the-1
'aails tiim, fly secnpd, I he number of miissilcs that call he launiched during

the timec the Crueny is within range; thfrd, thle Pro.hah~iily thlat a given, mliS,'"ile
wi'lbe operaitive; andýý fourth, the p robability thiat anl operative, missile w-ill

kill',,its tairget. Aqmincrease in the accurcy oftemslewndpoay
incera se 'this foulrth factor. But an over-all increase of, kills woul1 ocecur oi ly

if hevalesof the other facor were not materialylwrdb htie
change was necessary to bring albout. the inicrecase ini accuracy.

-rThus, if additional gUidan"cý and control equipmi Ient weie midded to a
1niissilc to improve it- accuracy, th~e resulting increcase in. weight might redceIIC
the missile's range or speed. This in' turn coiuld reduce the mnimher ol missiles

thatiui~t .e lanche ii alle~iagemrit . Moreover, thle greater compext

jýf more ýaccur~ite guidance equipmýent might' lowe~r thecý miss-ile~s reliability
ý' th.-cr ifi al~b LIhe pomslolilly that thet hig... coýi,t of Ill.i.-io 5~'A l hwh

NtýIvidually, arc more accurate ril•tacltinlJlv leadlc to ficxr Fallucig~iv n
fe ~r mssies.A finiaichoice of'd~g mIIIst icreforc represe5;ntaeilpons

f~j miatr'. -riahles. A single "perfomili~nce), 1pa aineter, like range or ýa\c iracy.
* canne;, i~ mcasure of, the ii\1rinsic worth of alissile 'dein

The systems analysIt mIust tr~ a syC[erpS approach. that is, lie nius't \tltcniupt
to look at the problem~ as a wtiolc. riL {t1IS1 QVki T aIiline more thýanl perfovirpnc

* paramneters to make aI w is, i ý~ied cc.H is cniU uho'etoi

and till tcfictr as mobilit" daa teqwfrcnIiiits, ctlImi ujiicarllns, sqtjp~iies,
mitmnupersonnel, alI r I i d iiig13~ ' eOre deciding 'touea 11iha

mibstance asi at filetI for the isii e o Ith grounds thai; it woul d C11.; riee

its. range, hie XjUn51 inVestigatk' ýIýIC logitic In kpi~ils theC &!ciSkiull Fll
fuel may be s6 toxic that ii w~ill ic~il~iiiciýinorinficiyecdnplcx hi'mcidling for
sup)ply, tr-ansport, and :Aoraigc. ý so. blr-all systgmn pq(yformaiicc mnily on1ce
1i aain he ýJegradcdl, or the costs' rai~ed t1'i spite of any.'inlcre;Sed Maag i~t
might 'deyclop. knd, indeed, in these dayr4;. of dlete'fent. we'kpips the iy~stems
analyst muxtst also 'conidr craols4 hins fatr-- fo]~eape

A '
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n iissils sate of icad aiess, it;V1¾ vi 21ii erhil ity, 111d itsaceti!tyt oitl-

nwasIfres--shich mia e.oiitrlbute Is nulicit to deterrenoce as thle weapllir itself.

mliss ic umn be fired aftcr an attick may' lbe mo101e eýSsential to n7,1ationl scu~rity

than it~acciiracy.

'ihn;;. iii this faiirly limitco prohleml of' Ci ousi ug an ai ~ee s i~iI'
;vstetl`ý approach is ijl iJcatcd.- L)cspitc ipeiiie.lle easy answers r

po~ile. The context of afiv answci-"( as wve have illsrti ms mrc
everything pertinent to ever', :altrnative, system.

T'he s'implost eýIteýPory oIf systemls aiwaivsis- -illtistratcd hi iii. I e xample jtist

-ivenl- -i uvolves a choice -aIlnong cssentfiaiýý sihii18 r 1IltCHWiml\,CS teF iLCcOin-

pri''ilc given goal.I 'M . 1i1,osilivi afte I nativ m issl ss,, ejils las diflXnr
%videlv Ik, haccurlicy, range, laviond. U11d Wlil ... 1 U"l V

Wheetl nIe taTites tlgreatest--#ir examllpe, in ltie relation ofi

their p-llorinanlce in conuihat to that onl the pirovinig glil-lound C le 01\ L'l(io~ll

11. their developmient and ti i4je, and in their logist kcs and silpprfu t prohie Ils.

Hilt th-se very uno:'rtaintjesiý tak'Ln in, eorIj i Inetioen \V it ;I a prikb deeiS ion to

if acquire weapons; of this sort, actualily cxpil~iin the simplpicity of the alualyS"is.
'ln i te vseapons -mre essentially gimilar riteatis foir aen liligtile smini-

q~bj,:ctivcs and are roughly con tcuI-po ra Teic ous with eatch ofhier, mnost of the

uncertaiinties are likely te affect aill'desi-ins inl the same di rectioni an ii ipprox-

ilmitely to thie santew exten~t. ( onSequen~t ly, failinig to take 'such tlneert;6'atics

Ad~quatly into account will not. likely i ivalidlal~e the c~ompareisn. Moreovcr,

ill' analysis in which, tile alternatives atro rdaltivciy sirniiarll, it is fairly easy
tol apply measures to alleviate the cudof ulloertailty 00 tile choifoe" hetweeiit
tthimi. Ha'Lving once deccided wthat we want. lthe anoalysis ean proceed.

n 'aure *the ciil ectiveneffec f ytemi, thcý analysis, hecuil ie~s a
* . ~~~~topj csul lstaug agrened ip f the jsijetvs i.1 mundaa

eotf'oiezosaalss Sc ialysiýi wouild ordinarily take either '!ot two

ctqti.valent forms. FIoT) wiell desirnid level (If nil it ry eeti hsthe

<Systemns a iiil'y~t might attic.,lpt 'to deterniinc wh ichi a ter~iative. or- citibinatiolll
of ajltorhiitives, would imply the Icu~i't cost. )r tor- al !ltcilied! budget le~v(l, lie
pliught try to lillul iOit whichi iltninat iv, oi1 CbIlibiluatioli of Owiueui vwould

,aximize eliectiveness. But, in eithler casec, 111c Ititil YStel IS 8 llmdvii5i 'okjild

require nultueroCWiS sub-stuldieS of the SOrt Wf hae Illentionced.

On, *the other halld, a boader, jirolilent t'i VtI11 ais wlyS'i4llJig!ht nio
th eign o: alt entire air deftns ;(i st pl o o lt thic I llituc tte;fo

(larna-e. 'Ihlisý woulul he diltic Iit, hblt net 11erely heenu~lSe oh theC WittU' Cllnte'lt

inVolved. T['lie valle Oft 4U1 air-ddeiise svsteint is lmCautlrkd bN mior e thliri Itsf

ability to prevent.dil~ ill the elventi of, "a surprise attae, vwIlich: beginls all

a"lti-ott Wsar, thu,S- ill jPj_(C~tnet it boorder aii-I .tvhs ltuil.

0I



* Be III'l TII.I ol.itIil lyIlc"IlI I l i i 've liii I \I I r I,11 i f v, .l& II I iio l ';. [roi tk 1) ' i g.

* i L\\ iv 111 0111 'Cl~lLurv ttii C(10'.t'~ r AjkiS, iusi' I II`-s. hoiOl~y(ý de(w.''

ilt i si lig 1 all I i~s11 dO S( it a thlc wI -1 :111d. 1 TrlhbLbi a1 liiin i deall Iioll', HCH(T'

es' teOl VFIl Iii~ "I 'A O'kiilt2 haisis forl Lgloip'IIL mi onI TLJ:t'os

.ýd l )'l, p iwor, d .llulJý Ylie >j %' iia'.e h.''ri\ 1, i,0111 0

12 l~jIpll ilwt~i,iII\ 1)111, C'scwiCLLliIv dill'civiii I I~k\. i'uLl wl !ias a 1am ido Lwil~llissilc

il '~i11 o1ili Ill ILi ijlLI r .1' 'llLl '~~.'l i t, \~ iil ' L ~ l

Iult, TllL tstilal i :LI lleic ":Iv. aIr -dlel('II`& liissilkIs liii pouilt

l'l se :1,11d1 IhOM" dt'Sigi l'jt'd for ctrve ov lg li' ell lliicllý i "s rise c 'li e

I 1i 0' v ltIi 2nc'nL; a I " Iý' '; C lS I 11,('vll th ' ,!Ilp oll slrlCiITur'
';V~~~li'fli'~~J Ii il: l.il'T'l ho I t'i~~ sii fl V a)ilL 'ILi] O IT I N,;~ Ilre us

I . hu 1w tlastiespi WJJclice lo A~j~ic d u m'~ i lt':l, Ite ofl ki,%Ii c(p~tt

A tilelikI - ,IL~ fOtL c war~c~ ch, gla f~c 1v II is I jV ( ci lPlcsor Wil 1 1va ifpe k) 1711117

I'l MI l ., , 1 ' i.i lll Jl t ii ii II 1115Iil 1 iiIltllL f1i5' I iJidL-Si Iili L5l

F 1 ll C(I II AI\1 IAI I l I( I

VC!i lIT II ,vi ý 1751 "ayi ;i 'I C. I 11112It C iL 1i Itiii LI s 111 1 I nL llT LI" .it licet I(it.,, I1

I (I )I h Ill I' r I i, 1 ' 1, 10 .1 'IC ,'1) & 11, gc " ' ' 1o Ilav ;1 I. gr I, Ii .

Li )1 P1 T iiiilI ~,ii ilill '5oII Il L .1 I N ioi pal1 s11 () II I I' i, hr a c II ori.:II I~ll

IN I To 1 'ic i t 1, lid icell I L11il l1 iz llý In' p oIdI d 11111 k1II tifla. I i LI li~i 15(

Si1 
1111% , iL5i p ~N.w 111lc Ida f sii co ulLvi n

iF'
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blo0ck,; '111 1(1410SA ~ ~ 1 l1iI Al thougiih ý,i i(%is1. (ol 1,-i N'i la l I t

I II ai ii Lh i l. ,Ii I11it, Iif oi'hItI LI- I o I r, '~I I :ic I i 101" ,14 ii I i ( 111iclll I i t" lIIA iIg

`o zun I v /v it, broa Si 1~~'ýIu~lCud ivi I jI ;Ir, 01' 2uVLOrI1Cii11 41Cý C149111i' `II
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"rI 14)tIllV : 1I C! s1i Icn i tiI li i Ln IC Iý Nilioi( .' I i i t ;J,1( co ld "i i ItY

II L 4C1 ftN. 4(1111 aktile:(' S~iatCS;ie 
1
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the conchiisions *brescnted~l either accordt with COMMOIUioI)Sens orfai to do0 SI

this b)ook ks ofiecrd to ruak e thlý PrMOcSS eaCr, t a otrwho
the nlotion that it is pos),sible to appreciate systemsi arnalyseq, andi to use tileir
results With pjiipopr-ijitc contidence. 'ithou"t haiving to heenmle l 'Systemis

a nalyst,. The, A'ir coinmaiji-der fii a cot)ibalt area cmn learn1 to appi cc iate Lho

planningti etlort thatf. wcent into his 1(ogiýýtic:ý support, so that he call conlideunth -

INl onl it, without i)'avin i, to tllfi ii icat ~iti' step, of' the planining himself, And
hecausc ourý nojeetive iiý i hisý 1ii in is to iprovidc,.this sanie kind of appr~ciaition,

~v aeicue wrrltle~bitsc:e~ei ujects, l agamnie theorv, I

linear and dy~namic ýýrogra m rng, an Mo nte (Carlo, which y.Ithe stock iii
Uade of, thle operal~ "I jqis rese; rchcr; se i.h toolIs arc Covered e Iskvflie c. Oui

eirilphans; aills alnsU XIlJvYoi ont 'I'' and )rjilici')le\
Ihe:9e leetkiics talt-2 1i &ritical i~)FfC1L~r h o(-o iiivi.And

thoilgh dilfereni-ces e e;1 xist iimml iieni, they all, agree tha1;.t the solving,

of, roil 111ili rl pleý.icls reqLiiieS intýýiitibn and judgment ats ývflI as analysis,

anti~O thiit nidls cmniot, in tlicniel5Cves, make
decisjions. Al fthehy !poinlt Otif 1ow 411he Use of analysis cyii provide sonie

,of ;'i(' knowledge n ii t~lder, how'*j' iimay So11iMnet SrV ilnes Iev as asustitute f'or

Togethcr, they attcniýpt to dc, nonstrate that systematic. rep i)-xltieihle a nai'lysis,
experience ' im i. mIrtnyhf itUiiwiko 9aii nuto.

developed in a framedwork permittinig the skills of specialists in mabity fields to-
het c ornhined, canl yield ( resullis that traiiscrld the ca pabhilities o f anv mndi /idual.

I A9
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Chapter, 2 1

A N A LNS 1-Oi ,0R AIR F'ORCE Dý'CISIONS

C. .1. HITCH

T1li first O!nisive use of fiornl'al analytic methods' a's ann a~i fo nillihiry'

dccisionmak'i ig NVwi maeb pcaiis analysis tearfis in WodWa r 11.
yscs ~wert VerVy up tedl in '7bcaracter.

They IrlitaC( to mltr oporatijomv, 6 til" ic i e( Iialt f btt urc----ow to Ise

exitig q~~nnt~-s~to d1ecisions regarding force .coJnposiltionl or the.ý

* dex'e~opi?!n1 of equipmnent, which affict the Armed Force's i~n the more distant

future an'd %WI iich eql-Can linays's of the t1aure. Party', in conscquyee)C,

.the(y were ýihp6 in the sense t6at they considered only a smnall 1-inumer of

inIterdepende'rt fae'tor5, Jihe nnalyst was able, as at rule, to ulSe some1C fairly

obViouIS anldi sio aightforWa~rd objective or critcrnon as it 'basis foi- choosing

0.1 Olperatiorsý ever another.

'A tIIa ~ a l l e ( f a W -d W r 1 o p e r t io n .; a m iy ,i p in o hb c r w a s t h e

'Since. the' war. attemp..tsl 1I~ 1c1 nia"'C att IZAND a1ld elsewhere to ui

analysis Ther hanlee ai.o 1iitenydeencyfi iý problems of immensely greater..:;

C )Implexit.y. Thnr haid to'CT fltar Lldeqsiof' kiiUSe te ICII1 in syste~s analysis"

t(ý (lesqibe thesy'- more complex analyses, hut there is no line of' demnartation.

Roth, ouper~ft'hns a nalysis, and systums aliallysis are abicmnpts to apply scientific

od110(1c. hoso Iinporla nt p~oblerins of n itar ( ecýnn.Ith havy ilic same !

N e;sse tial ''Iencntt';:
All o'uJfn' oanunher of objectivecs.

Alternal i've means (or 'sYsienms') by which the old(Žýtive wa v bic aeCom1-

pliý;hcd. ('1 hese May he' different waoisystemus, of different s(trategies

of' -using a 4ýVeapon system11.)

Thc "CO.~V' Or re.sources required by echk.I system.I

A miathemnatical, or logical mzodel f onulode-ls: that i'5, a set of relationships-

47 Riaong 1t11e olbjectivcs, the alternutive iheans of atchieving them, 'the

env irlnnten t_ a'nd the resources. /
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re I I s t he obje lct i ves anItl It11C cots illSI 1C1111 C 0ome Chnir fo N estiialeC W

mti~xino/iziig tlle. aehteve~niciit of obe fYsor ,onic tasuonwd k01 gi,"11

buldget.

Imiportant tleweltipnient :311d exteinsions oft opewratiun alaIN 1i1fxe c t rw

since World War IIl. NWe \xill discuis.. them in itwn1. 0oiisjidtleiio briet lx ti

alnalytic fecluntgrtes jiivolved in eaIch.

'f2.ll us! iii .\N."i ":F mi %IiD IN I null I (IiNiVIES 1] IOiN \NDl DI1% I I IiiiNtiM

D ecisions regarding force i~ollposit on '1nd devciopliiient do nlot lccelssiribv

ttiicdifeiCotaaite cl1icitsf1ti hs liicd ]!).. p[laiilsfitil~ i

HoLt :the tt~Cfunirt.]ýS ane likclyý- to dilIbeas hese piollein .iie eii.i id

\v I I ic Whe wos ot, the ii *1 i Ire. an as 1-;mc peer into the i'tucthn fle Ijiinhi i of

vriffb1les inlCreaSCS, niicer-taintie, wiili plv, and dififcient kitids (f01tt

becomne appropciate. it i, an hitiefI act that the. atlenipi lo ;ppl\ i x i

to ilevelopin1Ait 13rohciiis -at RA~ND lMll elsess here -has q)parkedl inip foi fof

adVances inl the use Of ana~lytic eCCiHintiies, in al11 thi~eaes

M R7.V,\ lZ~ I -XI S 11

1'he fact that - we Ire ' C)n~cmellkl vmhl Fo V Iicc I oni flnuei to Mficei

years ;n ftnc f otuiti iistciý II of with the presenlt Aui Force v;(Stfv incereuses Ilie

numtber anmd kindsk (it var iables we have 16~ corusitler. All snt4 tthnu which

are given in the short run heenni, varli;1bles inl file lolie [bl. For ex\amlple.

11-he oub-f formilation opcration t% aIlysi; (Ot %%orld Wa-r 1 the ielai-IN C!

11-I i',. their- noLilliber wasi given, the targets; were given. flie nomober~t of bombs1

were, given iv w the neny defenhses.wi'rc give n. etc. Inthe' lotiget Ronl thesek iire

not give[). '[hey ore~ Linkiiownt ineyx becomec vriiai-bles. SOTMe :11T yariafifes,

suj tto 0111 conitrol. sonic to) i0lV enemyVs control. irt uimlleux- to no!looix'S

contirol. BuO ill are %%ariahlcss fiflii aiH inferltefi'
.1 o Ifo te '11v1 this n nix.l' C tfu Mut1infl'r OIf U1'Sis to) he etliMipatel

consiItler at simlple fIuiuiih)l. crlVeloe'.miiumt, ;tnalv i~; ýwniu tOe piollein is ho 1

Chooise ii L precferre'.l xeticle: 11 develop. Siplpo- I xv roitfdessfs' simiipfitv.

have to eorisdclr in 1uncislO ing finelfe" tvic o!' liomhitir cS 10.6)?i Ai

leas)t tile following; thle Inli imiton. tliex will nit-c iicim- light pmihl to farvet.

the' Hase sv'teVil, t110 tarigt svsfeoil fI If,- ~ ilotu, imill thC Pi neiv defeiisesC-. [HIsk

niavy not soundf like i-man p -ýIIL Pter fill faCt, it is 1'IT i fwer than1 votill lhe

nccessary), bhtt it' we go iio bugd r than tell, anI, ,o it we let each parameter
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Wilr II.C iteI'nero thyCanl ecomeic dm'iiint. No forcecoemlposi
titan or Jt. . ll1pnilllnt ln'i1'.'l' scan i enore themF. or example. the wvhole

co iostoroft 'i -c iii iy.' Ill d ra;itica~llý' affectcd by ouir opinio
ahlot it ti a rCI; tIVC k1 '0ho0d of, hii~ and little Wars. Who canl tell lis?~ Youl,

miht;Iy tl' Ir,-sid.Jrnt or flnc lomin ( efues of SmIlP, but thc Adniiniisti a-
lioin -;I Jill It: ( ickf ot,ý Slat ~ cati do rikl in,6re than influence this I kelihood;

ie actors hCYOIdL Oheir :onltrol oifloenee it also, [Ind the arialsirot

somiehowx t ik into :icconiit jilF the p1OSSihilitics,

AX fOni tl k~ir!1d of incerlai oty d a im qiity*oistsdvlpet

1iiohknisl is cV hrlologirdl UnCertaiiitV. For exml~,uni it had been

tLested, therec was rcal ýincertainty ai; to whether the H-1- 11)o would work,
adif So, WhCn .; --1his faict prof01oundly inilleflTIc'e all Soilts of' decisions anld

unclfal'I'; f icll dagree attached to research and (love] (,p 110nt.

Ii lfly, there is %dt~istkiv~ infcertaility--4ie kind that sterns' from chancei
It IInont-; in 1he ie:,l world.

Whlat do we do in a systnis analysis to take account oft*'this prollife~ration
of Uncertainties'? The miost A;mpniftarit advige is: D~oIn't ignore, theiil. To'1-Nse '
riir decisitit oin somo single set of "best! gncesses" could lie disastrous. I-or

exio olsusppose that thereý. iý, iincert~ii ntv abotut ten factors (for. examplfle,
will overseas hxiscs hie available anld will the ernemy Ii vc interceptors effective
al WdlOtW feet.), mid(. we make a hest gueIss on[ All tin I1111f tepr'Ollalilitx' that
each h gtic mes is ight is 60l per cent, then the pmrobabil ity. that :ill ton aire

S rit'ht is, one -half of I ocr cent. If we c~onfincd on sclvcs to thc bcst giuesses,

we would he iglioriiug okuteoln~es wiha99.5 pci cent probahalllity of oce rig
The. prohle~m bre_,aks down into, two nalN rt V1irst, how -do" we Conmiite all

die- ''ilnutersing" eom"tinguncies?---cssetal C Iehia io~ptk. But secnd-

a miore' funkamtciirld difficulty*----once' wx~ have comlputed.~~ (we almost
I alwayvs disicover thalt one strategy is supcerior in some contingcncies, anlothcer

ii 01 hcisl how does the svstems analyst clioosi6 the prefcirced .tramtegy'ý What
qpcision does lie 1CeO11i1Hciid'?

F'6 1- cxainiple, suippose anaksyis s'hows that -,a stratcgm'c bomibing tse

depcndfcit: (in 0VerCas 11a1se S Will beicmost ctffeýCtive for 1960 1 965. SlnppqýSe -

further thal we regard- it ais quite likely, hut 'not certain, that wc will have
overscas hwines :in that timle periodt. SupIposeC, filanl Iy, thait if ,'vec should 'not

have the bust s ilik syicui wuqlld he m~ y 1 aod. Wvhat do wc do 'Ir -nitih a cas'e? -

One thihg v.CV, c i-, ýcai-mulatiý and miaximiize the average or ecxpcctcd"

outcurnic. W\X'" i H &Ixw (i~ fu' ~mtehig f d ii; p!o0 dill c It i n I( In toI
choice ofi a, is-c'kld'esý tat' -i to possible cata-strophe A systcrm tha its

niot as good onl thic . lvsvrame huti do es f a `1I y well ill 'all &ýn which w ,r.

FlP,
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initerested may well he prcfen ed. 'I xlpected ouitconmes, in any event, ignore
tbji- faCt thati wt, aire plinvijog aainst an intelligent erinem who can influence
or even choose thle contingencv we will -have toi *facc. I'he theory of' gamecs
suggests that in such circumstanes we s-hould -inininlax"., that is, 'Choose

tile -System which: iinimizc.,.'the wors;t that can happen to us. Bult this i~s -not

perfectly saitisfactory either. In many cases, ininimax .1las the.opposite fault;
it s oocosevative and forfeits oppiortunitie to) exploit ecinemy, mistakes,

or \Vhat we know -abdut his predilections,.
There sim-.ply is no satisfactory gcnir.,al, answer IL) the- piohleiiiDi )rterent

peopleý takh diflferentf ies of ri.siutheir own lives ad shiii mkes

for the, nation. Somec play bo~ldly, somne 'play for safetY. Whattdoes' thle poor
systemns ainalyst dto? Hte frequently 1calculatS i'xpcted 00~ooutcms or the
ininim'ax solution or both, hUt *in i~trrtIghis results he. is awaire of their
short~comings. But hie does not stop .there. TherCi' re fi-icks' of file systemsl

aa'is trade in ease,, where uncertainties are grsl"import, nt:

(a) He1c tries to, invent a neW.. system .which, is as goodI or almiost as'
good 1i overseas bases airc avaiiahI,L but-stil1 pi~etty goc -1i they ..ire not.
We call a systemn which is best in any circumi-stanices a "sure thing" or
(lonifliant'. Wec.anl sc'tdpixi findL truly doninant system, but sonietimes.

if we arc ingenious, we can cotuc close. The systeriks analyst is not
.restricted to the systems he starts to edimnpa e The most'ivalii ihl funciý:on
oif VVVI(tetn anialsis is often !heL ,Ith:luS`. it g'iv~e to'; the inltiieti(, flv

IN't!er*.y'n.

(b) If he fails. to find a dominant 'solution, the anaMlyst A li e h
- cosi of prnvidiimg ins-Lrance against the chance ofd catasti ophe po)-,ssibly

in thie above miverscaql b Iases example, by b)uyling aL no iIId f orce' w ith a

* substantial nunmber o4very long-rangeý aircraft, Then thile Air iF~reeha
to mac ~a eonit-arid 6ccision, but at least it can do so ~oigWa h

insurarlicC -t. s, U -

(c) -if. lie is cnoliicrnicd ,h'dit -vci~eo'pfintru dceci'ioni, he rc oý,mmcnds the

developmencjt of aircraft: aind missiles only some of , nI f onvi

ýoverse~is bases. The situation j ly be clearer when decisions abo~ Of~v ..'
tity procieurierit have tO be m:ade several years hence. We can dcvelojty.,

q nimore types of cquipmcr t than we procure in quan-tity and, given thle
relatively, low cost of ilcvclopmeizt,. we ot; fit to. Insui anee: i cheaper

at thiý' stage. The analyst mlust guard ikgloist the implicit -ei ther/ or".
when af better answer might h: "both".

"A.4. Trný Et'ENSY

if An unfortunate thing, about military problems istha~t' in the real world,

iv 'iJ



they invarIiabl I~v ilolvc ;In "110H Whose oomtstai~diiig liirlieteristie is hi., dc.lr'i

to tic 'unoi l ertti vel i ti i c l _t). piliateSKXbi if s :111 ;ISO OIir iial:yses.! III ýsoi I

problcuns, wvhatt th hrie nc y doecs is obviously crucial In niakin" the right
dccisýionl, for vxi; lmpk ~in the never-ending struggle he kITI oLcncletolici CkOtl itef!-
"* iiieasinrs Uai~l BorL imtrmatrs ut. cneriy behavioir can als-o be
criiciil in hiiiy0 less obivious instanctes. '[here is t11M g'rClit i1ntcreC.t inllii
oping models ihb hinlde at n'~lievolcut enemiy.

Fwo kinds omnodels are aivailaleti: gamne theorY wo'leICS ainiellid111's (thl 1iI*

S'1anlie theoryis/ a hriuldi of uaiatlueatics whiichi st tids ýJuioll;li'iOf 01Colltict.I
The theor)y Lqo.~ tnimaly is still, in its io~nfemy , ipetI thq'~,i, ;I i utrop''

tendency to. 1u:', war ganies instead of gaitic thcoi\ G (I :iics havd h. !-)el dcvcl
oped whichli unh .: Ii uditional military war ganivs, permit iil phi o ' so
thatt a numbier oif possifile strategics call he tested agaivl ýIlcri . conlltcr.

slrir.tclgics War gameks, like game theory', ac f ar. from conipleIi.ly s itiski tom s
hut for other I-ieuSoi1 is I )ifePn t plave r:i play d ilirci-cl ly- -sonic pi '+"bl,)v too
well to hcil reprecrieting mintionalI governments. ft is tisalhl imposs ible to test

yviiih factors are iresponsible in determnining the OUICeomeC RSiri sils i iliere
fore. difficult to incu pi et I

2.5. 7xi~i I(iri I ItAAIM I NI1 01"' riME lIIASIN(

In many Inillita~ry problems the s'quetwo of evenis is of critical '1miporiance.
Vl-r vxiilSiOUld WL gointio production now OnlAII1 sonic ntic.1.lar miissile
dlefeiise or wailt twi-. years u ntil I a-better one is developed?

Tlo horndle siich probleims wse ineed -dyluiainie mirndels -m1oilel ill -which
the paratieters, hear datci; We ha ve suichI i nodels, hut. introdmuiiig 11111c

explicitly is ne ither easy nor painless neCanse.M

It coniplikatg.s the eoniputatin b~ y mulitiplying thc numb111er of iaa i

etcrs- -we Iio-w have.i set, fi1n each dIAtC. So, if WC poLt tjime in, wec
- . . ay have to take ýfoiiiucthiii g 1-lsU out.

JrI. Ct~lIlIuI)CcjiCS ifleý SeICLiIOII 01 at cI ihefiui. SO,(LtitRn A-mriay bc heater for
I 6,Worse foi- 1962 dll)1I.vieera

*. .. . . .It raises inl acute f'oirm the UoeICStIlII Of our11 ability to) pI-rlict I(orexa pXI~ Ie)1,

l.-i thax niuLIJ better missile relyh re.o iy only tw o yearslll

'I ~~4 1. 3ou i( 1(R LRIA

TFie Selection of, Obj .;I v 6s mind -criteria is he1'quently the central piohmIiciiii

of Lne tuesgn oI any syst,-it iiamnilysis. Whalt dto w(, really want our ';vtel is
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to ~ie COipl ish? HO ow 0 dOw testI the a lternativc sN.,stcnv to sce which aocomný
pl ishles our1 objvctives thle best?

NVe have seen that, inl the typical Wor-ld A'War 11 op~rm:iioiis i~nalvsis prohei,.1m
falirlyv simlple, ohiviinils way', oult o1 theSe chiliCulttiC.S could Ilsually hie fohnld,
So many thing~s wver, fixed or given. I hus. inl the hontiber- toruatiloll exqll ple,
weN~ can ertoise, the l'ormin ion whIichI iiiiXIIIIj.CS targeUt LieStrIC00io forgi. l
* icat lsss or the itlt tha:t lMuinIni/eS aircraft loýSCS frgvntre etn.

tion. thesew eiitcria i ll 'tonel they somibiildifferenlt. ire logically eqlival~leiit and

oiisdci liv lunit i e th prohlcil i.1 chloosling homibelrs anld - ird';iciie to
ikitCld Ill theC NAt' io,,,' L1c of in ,ouiddko sixties. What Ire tiehe,e'i beie?

What dot we \Nailt S.%(, to a tt olipiij-'!s I_)etelrreiie of, cotirs. Bilt wha t kind?
IMC)etcrrene of a suirprise itt itk oil the UltiitOd Sti(.C S, 01i de~tC' ICI e of Soviet

* aigglesSIOII HI Uhe Middle I~t 1ist ",' lii se110 hdve very tliflt t~ it impliecitioim
flor forde Conmposition. HO loss do ev measure deterr cnee ii) aff uantiitative

V iaitrAnd idtcreetholy hct';?(hiosly v io. Il pm'ible, we

alSo wan1t a SAC that1 Will ,11rengthenl our liiiestila t 'AIJ I n lot tirigger an.,
accidna v'iadta i3lgtsleieyi e~rrcnce falils. But if we
arc to MAXe a choce we have to'h~i~v a c-riterion oirnile byv which we can i

at least itteasurel secrrefi'iect ap~proxilioatelv 1
Answerilng these,( qkieStioiiS k dillICij ]jt-ilit heIy haVeCto lie a~lnswerd anl'd

anl,%Ccri Fighit it ouir s\'knus analysis is to he worth any hingp. Hci c i, a;nother

joik):lt it whlich good itichduniteo has to b'"ý!trviit (he analysis. Wor-king out a
svs'iiu aittvss v~itl b Iicjite .tlinis cqulv ilent to -Miswer-ing thel wrong

kqkest Iott. It iLý cvi Cas"i to cho'iose a ci itcriiinIn l l'o.xo~ ore I eumiot ion oi.N
-dvcouncittrffiinti i will" -ein ni, hosnIh pin~lsse or

thle wr-ong, warl it thlit wrong time rivpIi nlattrr how sopli st icatud tile icst of,

I'thle analysis is, (!to. 1.4 fa'ir, it ~Is týasyli o. make the same uiis-t ake 'ithoul at

'* -~ *svstciiis a uil avsis) .

Ill ýonlc rI&:( it ad l n ost, of thle 11:11d CaseCS, lW ie ii searc fo ill ohjeetICivead
V a siit'Vlt crt' nuon is too uisv.We ha~ve to ;lpply :I numberl-w of ~tests to onr

svsfenpn ;11d ledl ut ir w;v tow idtlie best or a ifoed systemt iiivcentintz as We
go andI iuk ing ue iioiig t11e \ýiy ofI thel good iidgmiciut .(A tile anlalyst and
oif the li iiutltiuv C1'u11ouiuut.

('nle wayt wel ik il in :o ti long eatithliguct of, dtieticlties and limi1t;1-
tuomi, wlictK nl to11dry systemsi anialys'a i,; worh ' eppon tillig1.

1ie~l first thting to stressN ill ariswcen lg this l tusioti that alni1ost all thle

d; U!IitC.S We have' ik t iScu d are iuilCIereit inl the Q i i Of ti liit ary wblrs

1,0 are utunny variables in; a1 Systemls;anyj ~as inl -hird military
problemis lots of- things, just are, impoitaint. 'Ihe- al pi oblen-s Lirc. beset-, with

A



uncertaintics, Dnlagied byV Mn inIscrutab1leý eCiox'Y Mnd tied ito elusive naitional~
objectives- Yno can't blamet the dfic ittlties kJin the' analytic methods.

BeIforo we can i ay mlily'111igiij, M &e al about 01 C t-C'fuliiOWS. Of SYStCIIIS
analysis We mu11Lst know what we' are contrastinig it with. If we dletine systems
anaolysis broadly to joelLidi' the varioLus tOChniqueIs We mentioned earlici-, what
are the aitcrinativc-s'? I sct usN consider two (if them'.

*Concenlt ratinlg on thie firist word, "systems", th e aWteiidive to aI systemiatic
approac is.11 an unsystemratic or piecemeal consideration oif problems.

ýThis di-itinction is simply a question of breadth of context. 110 principle,.
one can attempt to,.intuit. answers inii a boaid or narrow conti~tc[ or use analy~sis
in a broad or naro. onet

It Mwonld he fooilish t~' maintain that br-oad contexts are good, narrow

contexts bad. It all depends on thli' prohlem. Systemis conitext's can he too
broad., and when they are, they are Wa e~teful. If YOU arlc, al scientist trying
to develop mnateriAls, to withstand the heat of rockskt engine~s, your- chi~nees.

of success wi~l! be reduced to the extent thait you devote tinme and energy to

2 pondering the relatfive likelihood of b~ig an d liittle wars;, As a noaifter of h istorwal
Vfact, almost all scientific and tech nological progress has been achieved within

vuity mnarow contexts---y.sinit 'eru blinders.
Nevertheless, there ire ciases Vi ' i'e Phe s- 'stems, approach the systemati,1c

examination of broad alentic iio t tlood of light on imiportant
problems. 'I he selection of' a ha~c system is suclh a casec. L et me tell you
of an~other tha.t Cfuppcu n1 i 1- iti RANiD defense study several vear,; ago. It
was at thlat tilme operationalI doctrine" for cert~aina mitcrceptors to carry arma-

ment that, according tq, Air tfen se C(ojom.)and, esItimates, gave each plane

a 50 per cent probability of killing an intcrci~pted bomber. Well, 50 per cent
looked mighty good to most! exocrieneed Air F~orce hand~s. By World War 11

standards it' was impressive.-

What did we find wnen xvseunxiimied thisý doctrine i n ai svstemiý Context?

(a) Unlike the sitiuation in World War '11. wli&'c air strikes9 were

cotitinuo'.m, we weý`, preparing thiq, time for de~fý,mSe against (ole (or at

nioslf a very few) ma~ssive atomic strikes.

(h Thc Itnal sx'.mci& oý of procuring- and opinsa~ing the intinceptoirs*-

to get themn jrqp position prepared' it) lire a rocket at ani- incoming

boilir 6--was extremely high, so high that the +i!ost laivish expenditure

oin affl'hn scarcely affected the- toltal.

'It
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Me More 'arnianaieit would itucrease the probability of1 iill to Ti Per-

cent and degrade interceptor performance by a ne.ifligiblc amount.

(d) I t w as [liereforŽ ObvioLuS nonscinse to econoiniiiA on arwinent1 ii. The

right answer was to load. the interceptors with as mutch its they could

Ni ow tris was an important resuilt of; lookliug at a problem in at broad

systemis context. An elaborate compu~tation was not really nececssary. It was
too simplePI, once YOU thOiiglit about it it) the right m1anne~r. But a systems

toce i-ia I~ V5Itol's L1:1 s .ttia an I;P~nc, to !hink

tho problem through in at systemis Context,

Let uIN now It)i~rl to the Sc~ond word in systemis analysis: the alternative to
analysi~s is, I suppose, iauflIiton.

The main poinlt I want to make might be. cauled-the incvitabilityi of analvs~is.

'.What we call -intniiiioii is i species of logical analysis. It uses ,nddels, 'in our
se(s of Siiplilield Coiiceptold Cownterparis ol reality. Not siirjjuisinlglv, inll

military probienis as ii, so Iit,~ ut thers, It is someitimecs usef0il to biuttrcss our

feebe; minids with siomec external assistance: a pe:ncil andl the hack of ain
enIvClope: a few equiations, a desk calculator; and in special cases, sophisticated I

*statistical anid mathelin iticaI the~ory or high-speed omiptitcirs.

I amn net selling intuiltionl short. I he uinaide td hinman mrind is quite remark-

abyproticient it solving somne kinds, of problems. As, an example, inltuition1
solved the travchin" salesmn~ij- probleiii. lb is is at famous imathiemiatical proolilen

that long frlistlatLul Ill th:;:n1;ticianls. lIn one version, a1 traveling ý,;~salsnatX

.starting fronii Washington has to, visit 48. sttue capitals, and return to Washlg..-

ton using the shortest route. It turns out that there are a great many posvjt %

rocs--in fact, H r~0 .thm~ ept this vast ntinibcr of alternativcs. hui j'1'i

*h~iciig. *;.d,. RAND,- usin~g 'pins, a piece of string, and their intUition, (liscor"a

the one. that was shorteor,
[Hie ht111 union i d Ihas sorlie great adtvantaoes over a uiy olach I ni-if 'ý :: i nk

o-f1 thenm _a riv~als .or aftcrnativ6ts It hi a,;_by comor onl, .1 capaII-ous M.. .½bory,

whi elieabfles it to learni froim xpeiiencu. It has- a remiilkable f a týy for

tilct( liligý not tie iniport ant v o i ibls !ind] supprecssing tie>- ret.4 J'hed're the

R(Nit'sli15 hitoliii beings 11Cat TiO 0 illus a"t (chekss or wair gaml-es.

Bihu, onl the( side ol ;1iallsusl;II i Ist ai is won to look upon intuit ri, aad

* analysis or minds ajnd iiiacliies ws iiVals or- alternatives. Prpry~,they

comlplemlent each otlier. We havye senthat every <s,,-ystem-s :ar ' ftF is shot

throughb With. intuition) and judgmen~t. E'ver1y liecisionl that- sceer)!S t, e based
Oi ntirltitiOn~i's probably shot through výith species of tnlyi

j1 '
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)l'on,'j~ who cI uinat't'- inu ition is; SilleiilnlL-v ý,lt l tii \ lllflv ~ m ccsut, iil lot

I the traveling salusi'.ai problem, it ciii alo t allt "ma onits iiciý. Ishatll spateo
flie reatler f-l11s Fveiyoi te has. his own.

lhiii d, 011C 6t thu troubles Wvitlli itumition is;111 hat yo don't knioj' wvlcieter

if is good. at least not Without an anialytic check. F~or exaitle71, intUitioll
was go-od ciioug~h to solve the traveling saIesmmn prIoblem, but Vve did not
know it until we Soivert ii analytically. Similarly, MAI s didnl't know it.. siil -

men t ill a truhtt 'to routes WaS wittbin 5 per'l Cent LAf optiiiial tin til NWi' workedl
O(It an1 Manaltic solu1tion.

And finally, aniyticý aud com-plit ing techniquites ealeiij to doI thiings we

otherwise- Could not. They Ilit bo tie oor on the mcniolry sidle, hati theiy have
soilic capabilitiis litddhm in nindsN (iiit) lib Tis' i- obviouisly true-' at'

high--speed oBill,' len It us took a ta ditferenit kind of cm~ilitpli - iusi~lits
derived fron thck ru 1,aik a hr and-new theoy -one that1 I haveu been1 nat1liiln-
ing1 -aS' (0 vc i V Iimitttd usc kil duss11 -the thtiolry olgtie.

In connection with RANI! dcl cu:, stde We have 1011' he) 1ut 1iseIi
thle optimlal deployment of linmited -duteuscs antong tar-gets, samue of vs Neti
are more valinahle to decfend than others. I ni (rtUnlate V, We hia"e tloulll~ t(11

natisfactory 'general rule for dc'phiy i g ileft' 'tse'; huli game th&or\- has given
us valuatble insights an ITI hints.

Herfe is a striking c~&auiiple: Skupp[ose YOU have v(ouri del eases deployed as
W~ell as. von Can`1. NOW you get none n~~i dOW ile) flow do o tc-plojy ttieui'?"

Well, m11 Intuition toldt ilit (m)(n I ( didI i1tios peoplle>;) dull You deploy
0l011i 11i1d6itli/ 1o IIVitct-t uidtliioi'al tal'i-ig's additional citiecs, littr'. ill- am.'t,
VAt- tha~t Von dill 00(l piVWI'ý evntls' hVe enough,11 Sj~lnt tt0d'te

Gamie theory says no. -YOu seatioutlS-;dno!,! deiefeu!sc inlailfi ,- loltilese Owe
kleleule ot targets aliendy defended Ill hidt, o)v11 af wide Ii apt', tltt, 1110iC N'oi

hwq'1 , the2 ,nici youl coiieentinc it.
Inl1t) ulcd ot this stalrtlinlg ccontria.lictitill youl iliinll about it auntf. hegiu i to

-4 a sce the riationale. A\ii inc!teaSe ill y:ourl defenISIVCtre ngth is cittivaleutt .- i
d dq r e j~'ii the cncjut> s (picusis vc sti cnii'h 'But, aw; his %1lstiei~ i icesis i

insltopxs 1trl1 while, ThV.''- vcis tclxi'O~uefiet; tý)

/l1 ll0 , ' i Tm it -tl

is111il .1(m sklll t11A 4oi i ttitt ' ;11e ainut si'k nl't tci i i
tin! ow einte go leiiq'<~'wuc t ha clitint uls'tue i i~ithc flsS - y

itt iii1 the ittl~ (m,- etif)tes ( )t~ Ittth-. \hih it'te 'l erl p -iie tn \-tt



I doun't kriow. ()it tlic. haisis of re>iiltý,e`citaiil lilk iit,'Aotl il i vvc

to s~ijv that the case for anlalysis In biroadl eoltexl pvohivnPl is eIS i~a ts
tiii pioved. t1owcv(1, lVIt file1 Siiggjt'S miUc a %ii.wy. w liken wi; av ic 'Iil a

Wvithi broaiu t;Ihlcliii, e:xplicit, MUiiN'Sis iI~IIfl CXolIicit ..iiiodel, C;Iii Ilk' CIteC1IallV

Ne tiust :1 Inan*S insttitioni ni:. fielid ill which lIII i\ exp-t(. Bliit ill ciiiiiplex
pr-phcluns of til liriry force compoostioll or devck~pilint- ",' '-'dali with

;Ifii'l~i so broad that no one caii lhe called cxe .A typica~l svttil iplaý-.'
decpends, crii'cally it onuinicrolis technmological factors in ssc thl itc

noilopg: (Il 11niiltmy) catoi~ii liigiýtlic klactt's iiilmt lotl ,i and: alluh

encrnv'-: on hroad econoiiilc, politicalj, and strategic falctolrsý;11 (and on qiit

iiitvieAtc reat ions aumong all these. No one is, an exNpert in more thalii 0111 0I

two of I lie sihie is: no 1 1iie is1 in Xi0'il ifl th IIC I'l OS W1101 whole d Ilthi

Hiirea Io. ISo, nio ones- ninstipporicd miin nsoiti ;1 fieldl ci' in

Sysienis analyses shoiulid he looked uponl not als tile ant1ithesis" oi judg"mcilt

but :it a faýnn vewor!k wh ich permnits [lhe 'juidgment of expurts Ill 11unierou01S.

slnhicidjs to he utiii,,eiid--1o Yield resuilts- which rainscenil nmy iniviti~m do ii

nieit, Illiii its Ii iii ant opportiunity.

AlF



Chapter 3

THE SELECT`1ON AN~D USE OF ST R ATE GIC.

A CA'SE H I SUO RY

E. S. QIJADE

3.1I. Pi~owi~xtv

A case. history should help clarify theaýcopc and method of systen~i analysist.
p,

To this end, we have selected, an outstanding example of an acit0,11 analysis.
one that had asignificant impact on. United States strategic policy.

T his ,yAstw mu mýýlyi .i began in the spring. of 1951 :is :I RANDJ proec-

entitled "The Selection and Use of Strategic Air Bases". Essentially complete

two years later, it was briefed to the St{~atcgie Air Command (s.&() andi to

Headquarters, UJSAF, In mlid-1953. The ply"roject leadcr was A. I.. Wohlistetter.

A full report' was published in April 19,54. This report,,uriginally Top Secret,

has now been declassified by the Air Force.

Accordinig to Life (May It, 1959, p. 101), the Air Lorce estimated that

this analysis saved the U~nited. States a hillion dollars. Such a statement calls

for two cmlrnontmi. As analysts. we are by fiatire Mnorc Careful than journi-lfists

with respect-to questions of causation, esij'ecially within An organization as

complex as the Air 'Force. It is ditficult to s~ay what causes what. But it is

clear that nicot long after the first preliminary results were(- com-municated to

the Air Force, changes that looked like implementation of the study sugges-

tionrs began it., take pllac in Air Force practices. If the causa:tion is; right.
howe~ver, thc lamoirmil of money is far too ri-ode-st, incltdinig univl the spvin~gs
in overseas constritction .oqts, and ignoring the savings associated with the

muLch I airger systemis coot,;. litit mole iwpoutaLnt than saving money, thec

change;, that took placc resultecd in at nuinb more secure straitecic cmlapabilityV.
The PrCenti;-ilitior h is -1ut6i0eet ftr hehrýlIs giVeI'l to time Ai

liorcri' t the time, nor is it similal to tihe S1mulmmlaiv coiitamicd inl the: writtenl

Vecrsion. Those were preparet to mamppomwt colieltisiomis wb il. \0hato We a t

1Levi' is, an illustration ot methods. Rallier than i ti~itV-ipt to ;1lmstvaet the hill1

IA. I. Xoehlstcttcr, 1 , Holfmamn, R. J. ILn7, and 11. S. Rosven, ,Selection. ami

Use of ASratel.ic- Air Ba(Se; 1T, rAN0) (orporatinim. R-?60~, April S*'h sn
cim~~~mpter~' Citii lutatu O'acts from the iext oif this retort.'

24



report, wve ar- goin~g 10 talk aibOUt'C Sthe ý rtdniointiii oult soniP of-sfetrS
and Samlpfinjl sOmof its argUmentIs: This presentationI is" i ulte oded tO

Show how ~the problem was I orinu111late and how ilic ailitoy.lis t.4v elopcd.

I o, iý't out -the elementk of analysis--the alterna-tives, the objectives, thll
costs, the criteria; the model--and show theoii reŽlationship so that the
reader inay b)comle familiar wvith thelagge anld StruIctulre of NYStMIS

illuIstrate some of the drastic comi ronuises wvith reality that arerc necssary
A ~in burilding it model of ~i complex activity.

bemnonstrate hfow, by contingency and sensitivity !on alvsis, protectioni

:tgainist uincertainty was attained.

in ,other wordis, this' pi esentationl gives; concrete illustrations of abitr ict

iudeas introducecd in the previous chapter and discuissed in latter ch.,ptrs.
-- -Incidentaly, this example may also show where the man husecSs tl

expended oin thle usual system~ study go. One might get Vne false impression.
--- oulr 6.riphasis on concepts; in these(- lecture-s that, if certain basic principles
lire prol-lerly appreciated and takeni into aiccomnt by the analyst, the rest-oif
the Study will take car-e of itself. 1hi pr.c-e,-ewvr h vr scrpi~td -

and delic-ate. 1B'efore thle analysis itself can progress, much Jaboti- ust be spent
in searching. out the facts of thle situation. Since it- l most. eases a systems
analysis needs to be more than a guide to clear thinking, realistic. quantificationl
must be achieved. 'The exten~t if that qu~antification depenrds onl the natulre of
thle probldn'), bilt inl most eaNse thle effort required in this- aspect of the analysis-

andltthe diffienlties tnicounter.e(I ia ticterinining ; he facts are the great, coni-- I
-,sumecrs of m-an-houirs. 'The 426 pages of -the frill, rep ort, phius thle mimecrotri

references- to~ stiipprtirig papers, -give testimouny to the work requiriied to carry
-out a larige ýPOMIC plxstuidy. -

At~ ~ ~ ~ ~ 6 hcthetesdj-h-a, the Strategic Air Command was -less than
five ycams old and in a pollbod of transitio'n and: growth. The strategic bombing
force con sisted of [1-29's;, B-36's, and A-.50)',4 Although at rutotype 11-47
was then flying, the fit-st -wing was riot to be combat ready until 1953. Thie
-13-52 was still iii. the dc`ýýgn 'Istage.-

I fhe major danger was ~considered t:o be the possibility of at Sovict attack
--on Western Furope. The general U.S. ob'ective was deterrence- (of sean

attack) based oin our .1inilatcral afornic ecapability, If deterrence failed',- the
SAC war o1) e'tive w.is'to, destroy the Soviet Union's ilidtustrial b,.- :or Waging
conventional war. This wlas exp~etetd to require dZ camlpaign ot severil wVeeks.

-- The Soviet, Union's defensec against. bombhersý was inot highly icgarded by
many Air Force officers, particalarly inl view of our own dlifliculties with

-- efese, SAC w as r eeogniieit, as a possible targeýt for- thec Soviet Air -Force

Ki
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!)[I v, XV;s Rni cooidIi COf sxillti' ict IX, %I if IlI IL to it) (111115' spCciaI protective

IlliCstilx.s !-le Sn ox sWIr known to havcI hide' long ra111C Air Forc iexe I-
IiCIICC intlIvI 1) il-1iClilC'II C~lp~hl;t I,,~.Itl I i oe i pOtix

llh'st' VCx- cr I\11C-tA 10i Wi.'ai!1i lin short Supply foll ;I II)Ilir fiiO.

SIlt' aIglIN PIX SiN I U-41 1', the I dI'II oft ai I Ali- [-o rc( eq FI IIesi that RAND)

u ride tab :1 S0 Ofi fx ire ,; ClCtioit of oversea~s air bases, For fhs a f yeal I1052
~(i~IC it inliron h: of been aIllhiroi~cd I1w Co. ngress for air base. ct n-At rction.

;11JO10 I I~~ ill VN ilIL II xv is pI:,I;1Ii h i tfr )[ sa Ci w~t~insr le 0 .

Pi-l 1111111,11) 4i1i lkxp xi k 'oRH ,JlU.WLtihwvr, hilE i:, Ie iiflportrmi[ problemi

Was not lo~v to acqillie, .conistrtict" and maintain air bases Il foreign coriitries

bill Il'iIrv Odfl(l . to1! hi s /ithe sflra.tct('ij Air Ptii'e' and * t loni to operatte this
Wi0,( '4 CoNp 1,mf 01,1 II iii the have lvi ('iltilt chimen. It Necarne clear that base

i c Ihoice coiild crite~ically affect the compliosition, lest ructivr powecr, arnd (;ost of

the en [ire sI rafi(igic force. [b1"us, -it w~as not w ise to ecfinsidcr a LICCISIOn on

halscs 11101 ly becar sc of' cconol(II I ill Ivise cost alone. One had to take, into'

for -Cc flow. I' c e% ltl t~eC. I affects thle costs of uxtelldilng the ranlge of bor Ihc~rs

whichf e:IImiol leachl thre i[:10! lunrefticled, the roii~tc5 thy11CVI111Sf fly tlb oigh

enellyln Wi~r~ifry, tile i'Iis~t-quunlt losses Itrey may 'stiller 1(1 thie deltenses erl

allf.lOld tile diflC1r11es thle hasfes ma;y fiavk-c Ili recu~perationl from attack.

Ba;suc CIoitcC XvI, 1 I,i ;11"1i' Ivtlly i kirol aind rnlllhero ii :ircr~il in the force.

I or ;1a\; lIx' 'I % ILX o a:11c I 'it 10 Com~l~positionl L'xCCet miarginrally 5cCIlCIId irrijioX-

- C'd111 tillcc Iris IV lagey 'lvLrIiIi' by IrI'Carell aird (IeVCIoplllIeI,, 11iic rdi II Il

t~ ~ ~~l 11111'~l~f~i.,~t lges --flie of':I -i real minc~rtlirltX. (LiIeulOy

it cttedriore tt;c~fill to..liiltI~ -to give advlXice zbout basintg (if i oC

tlrml 'xl' v!ry fik'!Iv lo -miIlle rmtol CXI'tCiLCe lafit' ll,-ýi tota tt or .. ot~ki t lhe idLeal

ha~silig 'sytLem foir at (licoicirelel hlltiltll. IX) oe thitat hli'd little (,l-1ýci'd beingl~ii

hog I) l linlit t!,e -icorobler'theCI-Jfi.i :I d~ecisionir vas IlilalC ftx :!cp as

-1 i il 11,, f'IiA " :11.I 11 11 i p kg l1111l~ i'mL I Ole1 II)S 'f, I ~ 1 tim I C Il It'L

I IM i f tIll li i I Ii f(Ill i l o11 W d X t I f)?l1 1 u l til j i X i ldf)I C ~w I ( %v , s g i d f- 1

IXUI Io IllI lLs i 111 t!rI Ill:IiX''AiX I' hI I WI'/' l [i c liIIIr V I1iC ac w Cd! ýi~il (~ IIth

dli' It, If 'i.011,11 ( ..11 I x I1 1111 p ill A` Ill i IX l0T ii i appearI

that ;i'! x: \",)[il~lt tie it' 'eC'xtploll: fo i() Inpe.II. tu m11picL tiins4 ii[. 1liC

plix~iiilt 1 itt Oiw Soix'. I 'itlioiit mighit have litrreleat wx aponX rin quantity
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It wýas plainl thatl, giveil any combinlation o t of ofb' ii Nvo;poils.

the leVel Of Costs tO o lstroy~ a, fixedI l~ntniibe of' tar1gets (11, gi'v li a fixed

hiiildI~cj, ithe absolute numbeir of iargets thni might he killed wfould vary
Widely, depending onl hlow the unlcertain~ties, par-tiCtiklaly Ilm II OC 1 object ives

'Ind1 C p:lahi lit ics. were resolved. ( oliscquenlty.

I .Throughout the inquiry the study decided to look for gros4. dijjCt-CM C
in relative cost and etfcctivciness of alternative base sýymems, anld speIcifically
for d iff~cfelct..;o the sort thatl ha1ve aI eha ne6 of suLrviviingl (101 likely
resolution1 of1 these% utncertai nties.

2. In1 analyzing retaitive differences, 4t was (lecitietl boad, s thc tqueýstion
of' which sysuei s had at clear advantage rather than thc quest iol of'

prec-isely holt mucwh better one system wats than another.

3. The com parisonls were to he. made with. -certain gross itrineeraint ics kii

mind. For examrple, it was decided (a) to test thev systemns for at Widte
range of enemy offensive and dlefensive capabilities, (h) to talke as one
test the~ de~termination of which systems w.ert least dcpeiidCnt Onl certain
kinowledge of the level of enemy capahility-: (c) to test the sys;temis for
criteria other thiain the one used ofo flhe. eva lwitionls. (d), to test the sy.stemis
for tbcir petformnancs uinder a vaiiiciy of cedntaesinvolvingý the

loss of' ba;ses dueI to political reaýsons.

1.4 VIII' Ali]tN\ 1 F

111 tiepint ('t deartie Fo the :1ii:Ilssis Ill; tll l0 u iesat (11 vst"Iii

Iogiý1iriiii-d aIt tOn till: Of' tile t fhIor 10%)9, Ini IM hi :YSteri lll t e eiii
bomberCs. wlliifh in11d it) up he rajtor fat iion ot the force, aind solibr .hb'vy
IhmlherIS were b ;Ised iii the United siatesil iiitile of'. pecite hilt moved overseas.

arid. (t.icratcd I Ir o ther e In' tlime (if war. Other heavy hoinhibes reiiiiiitllu

a. Ji~tr' andli'Red ovcircs;R :r~ for
staginig only. I

thi lithler comtrn 1uimi iid tell into tour broad gionip.,\e Ii,. I

b onnhers based On iltLVaidiC(d o)vcr',cas opcrating basecs iti '.s ii ltime,

icimeisbasd o Oit-uelai ~e ei op)Iirlli i I~ Lae nxilm

1 2f ri;, is riticient tioni th lc uiicedirip, point, which let(I rs tii it'd', in which
tU.S. Ji ss''s. oil the gromuj i~l iid mitthe 'iiI' faromin hiuti to low tigmies bec~inist
of diflLr~iuit ;i:.iiiiptio~n!;'aboiiii micy -isp~ibilitt', mit it vis i.sIiil[ I tha~t 11hese
en pahilit iie:; are correctly !4 ttelcpa tcd At~his seen,, I a ie I of etInvs ae
zonisequlencies for ditfcrený 'itei syistems of hIlviiiug assulmedt; one level of Iloss
when in fact ;npother is- expei icnced.

iti



ORI EN EA- tON

3. 1 .S.-based bornber.M operating intercoritinenTally with the aid of air-
refuel ing, and

4.U.S.-bascd bombecrs opecrating ifiteccontinh al with III hepu iaIii

refueling at overseas staging areas.

Snvvertl factors should be observed. First, all the 19q56-1961 systems
aInalyzed, not just the exclusively a~ir-refucled intercontinental case, involved
t;!Iirkers as a reguflar part of their operation, as' well as in contingencies. (to~
mr-ost cases, the tankers were based in the samne location as the bomnbers,

.tit other variants were studied.) Second, 'all thc systemis. o j the inter-
continental ones, involved Zone of the hiterior (zi) bases in timec of peace.
Third, all these systems were mixtures involving many elements.

The systemI- using advanced overseas operating bases resembled the miethod
formnerly planned for tWe heavies (and Ia ter, in 1054, programm-ed for at
larger part of the strategic force). Thre formerly programmed system, th,
involved elements of most of these. types: tankers, staging a-reas, and ., rtio
bases both in thic United* Sta!d6ý and ove rseims. Increasing' Russian. capability
compelled examination of the mdthodOs and clcernens used jointly tin the
former programi- in order to detect the v'blnerable components and to extend

-i b- ( .....

Fig. 3.1:. l'.eps cf bj.'sc systems



thle most ellective. The Various systems were theretore evaluated in the
Context of, a two-sided atomic wai ini which thle eniemy attacks SA( wvhile it
is performing its mission.

1..Ti1F CRI11. At [AC. ORS

Oiros's analyOSi ijId ~iate th~at the four critical dwsanm;cs (see Fi g. .. 2)
related to the base selection problem wereC from11 the pr-oposed bases to (1)

the targets. (2) the favorable entry poinits into enemy (lefeses, 13,) the sourFce
of 1base supplv, and (4) file points fiomn whiic h tlie enemyv couldi attack. thcse:
baises.

.~ . ........

I 17.

Fig. 1-2 (riticat batse rcliitiouuships;

iInc: analysis mrhs wvas concerned with the joint effects of thesýe iespective
factors on the costs of extending bomber radius; on how theenm mih

deploy his defenIseS, anld the nu1.mbers of our bombers lost to these% defenlSes,

Oil logistics- colss anld oil liasc- vulnerabilit), and our probal)J No 4o- of homl-be rs
on the grotuid. The systetims costs which -uc functhions oif these critical distanlces
WL'IC calleCd IM crab u costs to) d ist 'iisli t hem (tom the localitv costs inherent
Inl a spe-cific site, which arc no t functions of the criticai distances, hut whichi
arc traceable to local phcn'6nmena such as climate. tJ nder il tis hatter heaid may

be c~iicc aitosin (I) the operations cýost iraccahký to weather; (2)
eoiistructicii Lcotsv depending on ci imate. terrain, exi,,tence of a loc,ýd cons ritc-

tiori industry aind the availability of loc:al constrijction mi.itpri ils amid [ lie-

presence of existing ba-se aiitcs (3) supplY cots& affected 'by loca l terminal.
facilities tor transportation andi by the possibility Uf offshore cpm ocureinenit
and local sources-, and (4) defense costs affected b-ý terrain and ~existnig
defenses such as the U.S. and 111rit~ish air defense svstems.
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Iuki.i It a lo (1 1r at O f [Ile 11lleId ~ Costs of Imsiui.g Iiicrift illfile,

tiollik, h f-ouIr cii-i I alý base loc.ajionl fmg oresciitc a kcii ol-,idleril-

tions of, polities (domestic w. w\ell as nrecrimiawtiahl, toloistics, iand hoaw viii

Iirli t1;1)11 v sugste1,'C1Id. 111111 our 0111aes- hac k t o c xtieIe u r istaiie fc.I rti ii die

!Skviet I ul'Oll. 11h0 hlitg east of ranim-' e'XteiisOl andL 0hC CknItlI hut ionls thatq a
tiexihic Illight path could niiiti ) toIloihe-lr survival arikiiiLd tIo 1W Ii'iiI'g chisi
toI thc1' 1:i1e 1. H10 ths eooA. isUds tV Ii'.' attolip'Ii'" to :auab

Oit 1-LCCted 5M cii ost aeid . lAiV[less 1(1 ath ol fie. iiiii alternative hasini!
sx.'sl-01 eu.teeslts 01,I lIns inadx sis Were thn nn d to the spccilie geomeitry

of' itarets and alteriat ivc Iiw i I xs leas ikjiii hea:llty cost,, into ;ieoliiit.
Although it was recognhized tha t, base, availability shiould he relatedl to tkn
tfyp-e of bombiler; pert I-irm inc giV0il 111% M ' Il IiiCOgn ItionI Of th.7C 11CdL 10o
lie itimu !hw~ iiso nIo n tves''tIiý! .ion of' bombher cbulce wais made. The
bomberCIS programNIeIId fu'0 I 19_5B x'erv accepted: the base systeins and stradtegv
of' employmnilt were irivestig;uted

i~reiililu~rs/i-lvcs;Iiiljoitiof inth''icaedo thl,ý 9the Ijlst :aii.roiirMut li';ed WIS.

ohieriting bases for- the strike une I CWith overseas' IeCfLIileli to eXtLendi theI
Iiii'e~c would turn 1 out to he ilhe piehelrred systeml. ( 'oulscqyu~luIv. till, iiililx si

Ileglitl to hike oil in allIirosi alo I itoil injuioacli. 1Ihilt Is, ak tllibeI III: ctiohIt

wa s miiid in thle couipaii.sons tim to. iiake issuilpti(Il (it or stiqiates" tha;t.
willd 'iliep' isw daliici lii, systeilli

'1'10f 1115 01; IN(Ri;ASIN(;V IHi 100 AIUS

B)istatneej frl-i m faikrihet forva trd overseats I o.l-s 'to R tissiwl tarjgets amiged.
fromi )ilt 11 1 .st(t 1 mii. Fromr thelic ijol oversas ase prigraiiiiiiu'dý thle
tairg''' weli ;Iik\i'vhcui friom 800it to 'OM't( it (ii w. ti Flo Oie zi 1t I otlite

IIta'i'ets sseru rilir 1,100 tIo wISt ove- 0000it 11 mii

lliec sIiildy firsta inlvestigatecd lv a series of' generahxezd holuiti "tuiie, IiA

1 I l l , -, l ii ' oii i l l l r i t i 4 1 1 d ol i i lh ii i I oi e ei l ul rd o f l a it i i I s \ W l l i i i l r c I I ( 'I

l'ie IC ' t) I~lv iii nd operate huiiiiibir'; 'hig eiihto reau+ targ thwu'ot

riich'Iinu: Wi', hOend to increase, ;it :Ili 1cclCiiteul 1:ate with1 fHtie low

basu to !ai get. TIhe exaIct rate ofi nrie in anly Pive1 stale, of' L t It itdo

aicrft(fsigii. diperids oil sitchI aI aco ýpowerpiaiit Type, payload. elu1ise1
and o-er irget sped atitu~de, etc... It is greater lo r IITurhojots -rha t'1 1_r [ii

it



bh iprtps: and greaýter ailug h ig r S'ILT ht ( Ill \'jkI~ l (nit oit. 11"41 lIltit

TO hieivt'1itiilt Wi) ;ltecntnet lkfli~lli!, tLjlI~bitlIt' 11t1[ .1 IWIIIIWi ()I the

Bt-41 ll172 WO~ldu ha1VO l11hlA1 if iviulwnulnloc.h 'l cosly, d oiiliioahk' le

(I ispIllyit yelI ager dii herem-oes ill et6 luitn~ Ii vi In r3:11111 ci iNhlt :illi 'lilili 1I

types12 appjlixiilntetyl SI illilAI to lilt tit .0 it pttftri~ianncc tilt! dt,ýleilý daclatI

]i)I'erSkeittt h b points; in) lb' shaided i'('iojlil.
.1 li k12Ost,. sI0W\lI i . 3. 3: id- riultcasilo, and11 otltrat it ilolhliel hif

pe t in IC I ic leo i It( CO~ iI.S l 111,11 iLl 1i l' t ll Z:iicl:Iui 111 ii '10i iW ~lllS- I

Toiii AC s the (Cleijell timb1at I itdillsO o I Vm it i'iitt 'litI' .

s~' t(antIL jilliiii ,fio;L tcI aiea) ýib'' incrc ii'clts. A,, Z CO1lSCtLll'fltt- IN '\t

conihat iosscs ;at a! fixedi stic'tiah nis ithbde awl toi ;I aid (llt' 61 ciltt

to'; t in creases reSmi t innj- di ret (y Iroin iilCivie';lc' iii (A'iglit ~iili ia~ijmir

that, the stronglf ilnhhijlloet (1t ttnIiihai lainllls lin "'shIcll c(I'(' vas litl ill, IN

til ir~~ niper~oiIicI ail icisvN dAht Itiiu ta aII]- ilts lgli tlit1. si igit ]

il iill ll. W''il llh PC111 I iii jil(ii(l10V 11111ll ill tWIi ofl i~ tl~lli, i h 1 i it il .. '"I

ill) Nili~i lii ii iiijiilN'lllll . Ihit iNi lii .ii()l'~iii Ik I ld h) 1t i kc 1- . i l I

ttsss Il Il i in ld ihtr lit. "C but iiicitti'ai d diiht'. ti ci~c I1i)iI io ir'iciin' :

sii ~ ~ ~ ~ ' al tumc i~i i suing, it gis i l i ~laiii. ii lliv(i ik llk i i ~wIt ll-[ 1m . ii

iimtt sui I ldit 111 hilsllv .*im i V',li c~ I ti till i ii 'Iii 'lpt- Ii ii ii Iih inf iii t~ wi

Si '5I hk da s I 5iti imll y' 1 I i ai'll bum i mum oi mpsli ly "lialc ktrii I I ili is' I

Ii'iCStiist l Iii :hlall, I Sur itc bu t Iti' siui,, N I Ii liii vffc i ,tii5 in 0 1%i ii

II at (j~Iii til it l ti s It i lit :01 wii t I ith a N glii r 1 -I i I iii~1 ciIt4t Ii l vol a liid' i .11(

i,!;~ il i l T.hi i C. l i-ic-li t I n. aid N; od iS t' l111 c( l ani d w J i tt kIt A id"' iie lii

-l, d i 11 iill tholetC ;), 01i j jii l ii iti Ic i Illi i. '11 l, l Ic 1 ..... ...i';

thvhm ,-:'tte lit (IfjllIt I mt (1 ;ih i .tl !- w 1O "i l Il(lk (t cý~ l~ _ Iv ~ it l
Cioll-cm i osr.i-ic hih a tk d .;(c)1%-1"n V ir 1ý10
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ill iiti'aesuti poif. Ifi, aoytithion, flmiepoct ilirCIs woud bha lor- ather teiodn
llmmg 19riticalN~bl for sonicc time torcfir noome.aýlid

to be, capable of operating at full hi rtrcontincntal radiuts withouit amy refuol i g
whittso'-vcr. TIo hit a1 deep Rrlissiai i arget system %ve flcededl either to orpe~ate

T -
_

Fig. 3.4 multilihige 1n-47 s~stcriv, VerSIuS Cuijubalt i
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fici o(1111,ý haX'~c" o ~i- to use th 1 ICss isi 81cc of sonme f orin o[ re hi ci ft it

Nve olperatctl fromi tihe zi.

In air-i elude11d mIult;Stage, borIsbitig Sy~tCi11i, j liOiiibCF_ of' ti.XCI Ifiktniehueed

radius is assisted to the t ;rgct by tankers. This a1voids the_ ticed for bigger.

iiioie e;is61X intercepted and more costly bombers. Bidthde effects oA radius

op v ystemn Weight OT' Cos, (inceluding tlie weight or cost of thle. tanker as well
as that oft the bomber) al-, nonethleIss very markedCL. Costs iIIICense 4 i t~ll

Isee Fig. 3. 4) corrusnning, to pondis at whlich additional tanke~rs are icqui~rod.

As coiiilat radiuis is' cxterded, thc incr-ements Obtained by the use of additional

t~i n k rs Iieeoiie sinai icr and. al lowi ng for inst~urieie against the Llneert110,6tieS

oif, miultiple refueling, the i nvem eases in1 co.st fill;I givenf Incremlen t of radius

I)eoHiC ueSteeper. I- or a utriker-rodf?.efed B-4A7 st-'tcein. at 3 600, 4'10) and 5.21.0)

noH1, costs are-_ res"peci ivelv three, five,ý ýji te t imes I lie cot -at an i 11 rfueled

radius of 1750 a mii-i

One x~ay to keep operating bases m opre obr--tems

'ýiulnerablc and valuable system elemencrt) awa: I rnin eriehly striking

is to exteýnd boolernot oli: V a systemn of refuieliing bases. Thbe radius exten-

Sion ,. ilch a ystebix proVide's costs much h ss tln n a tanker sysleni,. Aside from

the costs of dfieese aild expected damal.geý, buyin~g, equipping, ibid supporting

a refueling base wilh iindrti landing, takeoll. and hjig~h-speed fueling facilities-

add approx imi c-i el15) per cent to [lie Lluiee-ye;1 Crost Of buying and operatiing

a wing ofB J17 ;iiieraft in the United Staites.

:igiire, 3. '1, 'whiceh shows the inicrease iii biomhor costs withl C-ft(sioni of

raidirms, Ineliude' support Costs iiieurred for lrie peak, fimce mnr tied. Whlen tile

cost-; of radiois e.xiension an.ý voei y high (foir ex mnifle, ifi the air refueled U J.S.-

based 11-47 ,ysiemj). the iportion of the total siystem cost dLeit' I0t~ tanttiker

prOCUrCumiAIit an1d Orncratiun can, lie redluced 1w sending fewer thaim the iwii x

imjum nuixber of available bombers on each strikb,. Tlhe snialler sortied force

mecans slower iilitial rate cif destructionl of" enemy targets. It also mcamis iimor

irCr;ft lssesý to areaý defenses Per targect destroyed; bit. the smnaller toper;it iiig

force will,. if vve comi-Ider cost alone, save niore than this arooimi t in tankers

for a svsleiui with high taniker requiiiement;.

-1 'riwe ,,pecific; hfiircs T-eu,!vci possibie extra cosi-i foin o til hcmer or- tanker

attrition and aborts, which were oNsidered, at the tinie the study was ndlikel
io he asoitdwithi rinde~vaiis profilems in muLltipleC I-Cf~"I'inb 1, s.,iill tlrit)ioi
wereO to oCCOF_, it woumld iperease the preferences shown by the, study. Ini fact, lime
muljtiple iefieli ngs conshidred in, the study offer more severe iesis. of ti-ite

thanj anytha hve been siibstaiiti;ttcd in s'U~bsequencit peacetimec history. For examplie.

they include, not inerely several reftiefings trut pwos-sirike ait-refuelings, whci e

reml(I(~7vflhlsi. .inf if (ieistiori, anti multiple icfuehifiijs of jeis fly propelier-(lr!vi-n

t uikcis wilth abount half their speedli. indler conditions (If wamrtiime near-simnultancom is

scramble.
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I. arrirain i l inla hon t, crc crrimci oit ursing, an i ~cetdvirexnll
to compareZI M.r- Ver'Sus ground-rdciueiir. Ihrc critcrI0on. Lt.;ed 10or coll11)parisoli

,r~ thc iliniiritirlm inicrenmental cost to bring thle force Ltp to agivenl cairabrirty.

an1d 11 in~ rirainl 1l1:1t caparbility Ifor l Ccertainl period. Thlu c pah'.iitt. tile per1iod.
arid fihe type of eaMpalligio were(! VilriCdl.

The c'ost o1 a1 SrnrnrVcr C.arrpaigrr2; to td-stloý Xli per -cent i'lý R.i~lP I"
jinl 1l-t1 ii l-l 'et1 C0111i1ilcX Itsine 111 111 1 WIdir I td 11 Mvt I AtIne LI t tOU he fI)L'-1011

dlthii ti dlCe trirlC2, thaIt for a it Loun~d ret uled.I 'SN tCnu 'See, Fig. 3. 5). 1 hesc

ii;t sitK ruint ýIeeiraut the. detariled OwI Id -iti o~f I iwý,es. itlentifilal l -
relreio' uPl:. peellic stagit-lT rigies' pjislnts III e 1tk) ifjtti 1I elleor itet -,

311d p :n111 It) taI ge-t S. I o01 fl-tin si e Itni it ioS RUlSSilill 1 -le dcklerrse \s cit

(w , 1lli. cIor covk ri I-ihrrt id everil' paV l li In. Ir tit ti 0tivi lit! iut) 0 miltirellt

the irirnu1her Of 1:1n kirks' per bomber it,. tire strikigl foicee. ( As shown later, both

their delense :]111 oill ofknlle taictics can hb0 irurproveti dccidettlv by x15'illliiii
tptaatesto malcht our 11 base sysicem are made,.) ['he bombhing 'vs

compared used ideptical airplaneriat operating bases mi the ti iitest Statcý

hilt a.ircraft radii were e2xtended lr OneOas lix :i111tilgad ill title otheiF

c:.-se :IV !wirltl'in'IH Itie olind-il-retILeet SV'412sei 1,04 is'11t NV:11111

honinbers ml e:,etn strikc. 'I be( tnir-rer'te dnu ;Vsttom tcilliiwedc till plai11 oft with-

liokdnn riitoihers, whiell was less CUxplcwisve hut Which also irrrtroscd stillic

~r~esiiltx'~;to m~:and size. of strike and proportion oif the target Systenm

attacked. Ndti allowance wais irade for possible bomrber zttrition cinlilctest

With rnrlitiple' reltiveirrg';. 'I 1w aelitnll also slirth hit

I he r(adiris-e'Xicirsior c isttotr the air-netold sv'.tenr Nwere( ibonit 'aIN

timews those of tle grlonilitfrchirelet sysiclii.

..Iii limnit I r~tStxerii~ cr1 sts l cv ii it)lOw, irirr lcvel, till(-A*'v Wruhtiitl.-

system involve a.'I co.9isidelatnle sacrifice in estia ho nibers host1 t ab'uut 30
fpet cent. of 1IlL v ru tO of hoboin rs. in the grnmidini ri I i ld Ifor(c).

nrifTclc;trees in Sic lairge rnagnrtmtdes i)CcLUIL ino ',Ili L(I tile 10A 11Mttn

r5 In imanyyvaN! imilh nono tile imindi- 11fiiji Appt i'.

0i 'tile t rsk ro cttsiloini'ig ktis"Siarl stu yI c ;lei Taigets ci r ll rrrl ;Iin lili

iound Io hile Tilurlic molle (titteliil lOi, ;1;eld Inue"!)1c toii ii ill iritit' ~Ini
illIal"l O i ll winit ri, Ai ;,Iue pI" rttp (If U''ý 11 Ai' i

diliyiilit niteqrr'rlc for tht: oper;1iiill of da'. riglirlers Nio u . I .. ' j'i'

play Very v it Ie d!'ideiiil ,hV 111C tire ilii, nidl ire ci P. tirir i vc tri :idv~ln1l!i' ;11

ehimisniui tInl :t lirrirri.. ititterie, larger'. ill tIre Pkilc s i".1 aft, i ll mi nrtli1 :lit

rinit n j titu kr ,, t . ~ ir , R I Vi';i;ra riilri,1 ilil ' t i n i S1111111)1 :1-, w-'1t

ill wi.liiiur. Beo-t,niis the Pr ei'inoii [nn uri tack 1". v,:iý lilcYt o e~ i le i diiit 2 l i' t

Probahile. sinice the tin-ce lrrý rI lie relitV :It a11lllk"unit t 55 I ill)I~ll r 1-i i I cisC 111w

principal nis cailcrtinlorts orn Oi~e wuiisl t *(ifrlr tl s ripiintin tile(f ti rie P \CI tie it't

W illcl C mpain-, clc 11S( cal:11 I0cd

.,it



muchel of the holn hint" SV',tCIll (11,ic0 I 11nibe IVIle ;Id iOW I 1.S v~ifflly lia.NS)
",.Is fixed ia- thl C omparison.

Fell wi~ of penetrto figliters 'Aere pi griiumed tot I.Q?56. Whether
Ifiv wn.,use as bomibers, asescort fighters, or as decoys, their stra.tegic tisL

Ipponred practicable onlyI from an aand.riury-sesystem (ir frodi a

more diNtant Iiriizariy..bascsteij vwith ov'r:se~as ground -rcefwfjelne. facil tics. 'TheI
pr,-cfcruee for ground-refue~ling over' ai i-reful-ing would Ile ýre aMl, iI1~ W reusd
by [akIng theCSe eon ipOnents of' tile' prourammed I orq; into accoi'it.

ON-' - ' ~ -

I U 1.- :- N, IIAcxcIWrr

Ah, NQ

IlctI iIc II ýIa' asc yIu d cuce B

Sole coiisidciitioii of III- lie 1- (it'f mof i-easing the flight radiiiý to enemy
targets o1die;ted the desinihilit\ of operating from bases, whichl were as eoc

aspossible to these targetIs A del 100io al", hi0 f1W tela toaCOtIuIt the
effects of distancr from, logistic st][III011 III thle UnitIed ,-)tatL" and of merls



th ie source Of' iinmy striking power. H ow.ever. altihough these i.'c!;

dictated opci iflon it ret distances frporn enemy targets, the. aalvsis so fdii
bad snJggec;tW thait it "vas e-speci~aly cxpeLnsiv& to trefucl 1;ar ;i-ofo targcts

and to itir-transpoi L it for transfer to the 17ombier.
-I C) Orle -nurast in canmpaign costs thelh Sytm ciited, differences

in. crewy lossesý tissllc material requirements, rate (Of destU'ction, and nimunhr
of strikci. 'I'ik itiriefuctnled system involved at slov~er rate of dedrt ietio 00 nd '
a larger mumber of strikes. For this reason. ctumulative rounld-trip) attrition1
woulid he great er. And Sin1ce inlbound) a~ttrition for the air-reflj led system
exceeded that of the ground-refueleCd svsteni, the number of bomb carriers,

it, Llcll as 1,1he 111121 i ol meIt IL, shot dOWii On [liel Wily to tie kia~~ o would

atso he larger. The fistiile-material rcqu~iieidnIts' at thle p)oint ot 1h011b releaLse
were identical. Thelirefor-e, the fissile-imaterial uisage for' the campaign as a
W hole. 2d gthe 1issue~ inaterial shot downi by tighteus, wa ei~ti~ lI' t

air-refulel1d ease. -

The ssi opLllt ionIs un~derlv ing tile preceding campaign- cidLc lationls falvored
the grounit-ret neled system inl two Tespi-eCis:

1. The exclusion of the costs of base damag111(e and the costs of base defenlse.

2. Negllcet of costs associaited with the politicall vutlnerabi lily oh the refuecling

base systemi.

Ir lateLr campaign analyses, ev ,ery attemilpt was malide to rem-ove these biases
silice, at this st~age. thiere w,2:- definifte imdi eat~iQis thalt the groundI~-reCfue1Cle

svstcivis, Were to he prdeferred.

Oterf 1aSSUIiiptioiiS fa1vored the air-refueled system. For example, thec etleels-
of the following wce- not taken inlto PCCiUint inl COIn putingý, thle Costs:

1.Pos:.6ihlC a1ttrition or aborts due to the! nleed for ai fuelino-rondeozvomis,

2.The inflexihilityi~of the atir -refuele~d systemn's even-strike policy in the i*;ic

of Variance fromr itiem attritioii valtes or unanticiliated large differences
inj ieI: iiCali attrlitiooj Value1,S thelslCVes.

3.The neccessities for forination flight.

A numibei.'. of senisitivity tests wecre made at. this poinit in (the study. 'Ilmese
irehuded for uxiiiilile, til, te eect otf (.j !lfte cqui renient th at repeated ýtaiget

visit.- bec ivol';dP (7) imposing a high crew wi rvival-prob;tbility consti~aint; (3) a

ten-to-one variation inl ai t icipated air' losses,; and (4) changes in the ratio of

area to-local-defense losý:es.
In suibstance, the analysis of the base-to-target factoi indicated thiat, insofar

ais the ehl'ects of increcasing target radius were concerned, radius-*extuension costs

increased very sharply if all ground-base functions Were emvdto exurenile
distances. fro iagtilb oprison, they increased quLite- uroderately'

dItacc frm:1utý;u ,b op
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if only the functionF, associated with the storage and &arnsfcr of fuel were
remnoved. It was also shown that, Ai moderate combdat radii (considerably less

than iptercontinenital combat radii), the costs of air-refueling were mioderate
and did not- incrcasp- too sharply with smiall. increases in distance.

rhose effects were reflecte~d in campaign costs. Campaigns were examiniid
for Very wvide ranges of parameters, and the riesults were swnto he inscnc~i-

live to such variations. H-owever, so far the studly had ijot analyzed the do.ýs I.
of defendin'g the overseas refuelfing func~tion. And it had not considered t~ie
logistics costs and defense requiremen-ts of leaving all operating-base fmiictiollis
forward, or in some iiotermediatý overseas position. Before considerine uwkse
iliatte rs, it dealt with the quecstion of the r1Aation o h is xscst h
choice ot Alternialiyo paths through enemny defenses.

3.8. Tm-p i)lPTrANfI2 FROMj BIASE Tro ENTRY POINTS:

'111F COST OPý PENETRATING THEDF. OFENSU

T'he study investigated the effect of base location on the anogle ofapproach
to targets, the distance of pienetration through enem-l-y defenses, and the hours
of daylight and darkness over these penetration paths. Bas-e location con.
siderations were shown t-' affect. our choice of tilt route to the target anti
the enenw's Choice of (lefeiise deployment.

Pruliminaiy iinvestigation indicated that thct! di~stanice traveled over enemny

defenises, and thus the. number of bombers lost to enlelly fighters, would Oe
reduced by dogleggiog, that is, by vaqyig the flight path from the grealt

* circle route to avoid concecintrtions of the enemny defense (.See Fig. 3. 6).

Fig. 3.0 Routes loi, interconltinenital aii-meIlteleci strikes
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ibree kinds' of- penetration routes~ werQ distingulished.

1.I Relatively dfirect routes to Ilininiznij theii mumher of tankers ne'cessary I or
t each bomber in it st rjk-c.

.... peert Ini SinalCeS and tHIs reduce attrition. inflicted
7 by airea efnss (fiahbtcrs).

3. Routes to take greaterCI adv11antage Ot darlkness1-5 to reduce losses to tighters.

Prelimim nirx Investiea .tionis shIowed that. While re111ducion ill kOSSes due to

* fighters wits signifionntlv reduded h"' penfetration iii darkness. roLntCS Ch0oseii

primarily b~y that ctiteri on would not h, OpiImlai.

T1he stlidv. thiierefore. ComtparedJ systems using oi ttes that mlinim iZC Iilit ri'1ce;
flown throug nmydfnsswt systms J I_'Sin diec atflS t hat mlifini miied

tankercs per bomber sortied. in '1oth cTses,, Strong eýIloms ACere nottldcn
rouites that, penet rated Iin dairkness. F or air-refiieled U tS.--ased l-t-4Ts Ill a

inull istrike. s timnier eam paigli to kill 8)) per cent of' the Russian inidwstrial-
target. sy'stein selected, this commiarison r-CVealed a SignifiCan1t pre!'fereiec 1'017

niiiionrooentraion rotcs. 'I hL Sv:iVe1iI 1ýlying mn umpenetration paths,
*lost fewcr hllonihev to enemily iightc~r defenses, therefore reducing the siz~e of

*the tot ce neecded to ensuire ani acceptahle crew-stirvival prohahilily.I ialy
adthotigh tile systeui hald more tankers, per homber, it hiad fewer tan~kers inl
total, redulcingý evenI tile rad iuLs-extenlsion cost for 01he eump~aign.

Itaesstiit t h:1 perilitted, entry f roum tie south dzotiild lake aaii:1tage of1
theý cover of darkness .vith little or no extraI oxtensionl of' rniSk.iner the
gronid-rIfti]led U IC ~ J.S.-hIe-d syoceil had( l!euol '4;15iiog lo 1ens tott ooith.

it.,Shol Jllll, Wit kiriCI proteeted b Lkirkiie,;s aniou w lhiii ,li

that nalycll1 1oIIIIIItIAed altr-itni~. Itonihei~s tlviiig dire>! i'Alute' if! SttiOne' WOtilt
stiflecr liiL litti.' attritioni 111an hlanbuhes lyingim iniut-pierto doglegs

withjout II~ .iiVt gc darkness.
't he StUdy then tuirned to pcizrfurling operation,; analysis for the enemy.

a step necessary inl aiiy anlylsis thlat takcs lito accOqnt, povsiblle eo[iitcr-ing
aictions trit the part of the. enenmy.

A\ ialIv si,, iiidicated thit thle enemy, in turn, might improve hisý deene

limatchimtt our ofnecapability. ' Agai iita stiu tlv in fl it, Jhorte;t ioutes

f-ront thle UI.S. operalting hases. he mighiyý con.Tcentrate tighter defi'tLilsi5 iMt OIL

north (s;ee tig. 3.7) Systeum tri n pi-riphiciii oTherating or Vrotud-rettkiehigl

-At the tirme of the statty., d&ii-kness h~at : tl,',idtu 11'rttei"c s Oe cvi eve b
19.56 the U.S.SR. wa- expecied tn have a rmuiet targei iiiit'e i fd~u havfui flight

uiie.;(2) imlyiut- a kw (Lly Fighuici; would bc usaZble at nliefil Im i''ii t
employing thle tiiddy system of day. fighters led tby nigh I fighteis: antt( (31 the
individual citcctivcnicss ot Russian flight interccptotws, Was expected to tie much lecss * i

tfia~f that of their inteiceptors inl daylight.
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has~cs wn ti Conn mpe a Illorc evenl dispersal of enemily def~ernss, as showni :1n

(ai~paigin resi ilt's ;a,. presenltud in Fi1g. 3 .9 indicated that if the cnumy could
cofleentratle day tighter!; m t11eW imith, taking aIccoun~t Of the greater &InSity

8I

'Ile\jy
NFig. 3. Russian fighter deployment agjiriist stiires ro interrnii isna bairstik
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ot tar-gets ult the West, hie Couldi do bet tcr than xii 1 w he be distri huidct fighter
ddefenSe un11iforuonly.

Hie Russian area delyw-w se so t toj '4i: lied \ýCl ec foud to exact a highu.rattrition a ga inst ill1 5ho1iih i gSv stM1s, hi i iil p a tic ular aga insi one-shied'Abase sys'tems: tile exclusively mi~cuce ncrcontinc'ntai systems or a Westernt
Hemilspheret systcii. R ussiav dditL C1SCeS htrcher improved by spccifie t ailorinig to
nieet each of our bitse systems could do still beittr, e.specially against ;, aonc-

sided system with relatively concentrated alvenuesý of approach to thle targets.
L.--inli le nmiber Of itlight liglmtcrs; availahicl would make it diffiCu~lt

for the Ruossians to mipmpro their m- lgte del[)oy merit very much against attack

from peripheral overseas baISes (0pe ratinlg or. refuel ing).

- 0

'IC
AS-dU4L IytI"

Fg1 Costf -4i ft/t'i. iit tflOil and coneenlralcil :;:va ttifcivl

'Fhe uISC of' optinmit rnwli's:nd profiles was foun11d .to, rectlite HICICases Ill
jadus~x triiill caphilitics; g1ivinig adtj~tiotta]j ad~Vjtjjljat, Ito NV-StC111s that COiild

achieve thetit chalCjIY. 1ii'Oj lltlwrion, p pl~ictijdt bi ac. ;yostutns, tundike (inc-silJdc
sy~stems, perm ittedt, in thle .0hot tLrun, the exploitation of the e ctiimy*\ mot t spots;
il ile in log run11, they foreed at dilution1 Of hii eeae



The implications of the anarlysiis tints fill nIrsI be stiteri ;1rs folhmss.Ilit
it wxvas imlportantl lo rlrvrlop aj rounded capabiity lor- rrravrsrl))iCd akttack ~rariisr
thle enlemy target systeii. Py dtir.lgr~ ili,- NswCVQ nr fenco h ito ton s pread hii:
delcirNSs. Th'lis did110nt meanii that tin aily onc airikc w WCtl ICW111 needed t) Ilse

anmultiplicity of pr'r rti tin pat s startng from11 Imany siJdeS, airi~lg fOreCti
thle diii it ion of his del r'rlte, we Could Conlcentrate, onl Sorve portion of, thle
targct Ayst'il and 0111'' pcnlrfetrationi paths to got tihe Tlielieit (it tra in

But the dcvdhpnwctvI ot aroun1ded capabhility wats aI condit ion lior- cennccntro -
irnii t-, ll~e. seconijo ilnc inecriority oft he ev'NAici ai-i-fey i :awer- WW-

continientalI sy~fcillr Ml hil walS evideCedC by tile cos an1d efleC~t iVeIres NYIStis
rAdiN smodies. was rci ni or-ed by anl ex:[1mrnlarilo of thei in ijexilii iiv iilis N~k~l
imposed Onl thle. otierise. lire e:xcluivey ~iir-rcirlertc systeml %was loss tree, tilian
a liiplirerl; overseas system in~l jitschoice of, rolite, speed, anid aitittiic (It

penetrartion. It perirmi tus Cor responding enwjwirtci rtrtvo onr '.i pt;, ofl tiK
djefcirsci Oil tire cthcr hand, tle Urniliysi', 11p hi this 1roliritl N011 hit' Ii iu
diissected 1he h !J'li costs rut Operating withouti ali overseas irase svsterri, 1rlrl
riot yeCt dealt explicitly ss'itir the logistics costs of toperiatiirg willh :nnoesa

siysrelir. Ant.ii i rrn iipui ill, 4i hadik tot I rkeii :qll icitlL Lio~llilt tif tileCV

of .. dcn nexpectett diamage uireaeick .'ti w thr s'irlriraliiliv rifnverse

'II 11; (01 OSI'( (Wii R A I MlN ;L (iW I S If I ll' -1 UlNili [1F ;I A I I!

A detailed invcstlotijin iii all tire breni.rs, iriVtIri\d ind~ica:ted 111 i 111t l )ie ec
timei cost1 of bliy ng miid lriainkiltriiiig at Wing ol bulr ils 1i1i tmeI0ilL'tedtur
imulst he ineriraset by river SO1 per coptt cover tIN WidltrnrM costyl qt L n"Wirli

froiin primary bases overseals. This extra cost was, inclinird I'm :rrtrdiute;t1II1 balses.
tiieaLtest~l UppOrt, and air lilt. 11 owever, tire LI tierenees a niong ovcnwsas basec
;Y,.,cIrIs were not , fonLiiid itr increatse stlhstanharilv witih supp)jly (iist~liicc's in)

peacetimei. I ransportIAitiori2ý trel"C, antid AOnrKAV lvlCo st', ocrk ()rIlly rib lncr:iteiv

affected by inrreraiilg (tistanieL', e-VnI when-t I10, herj1 tl11)ii to H ii iu i .1 1)1)

Olrl~rfic Iliuiile. (1rnctuliil ocriiiide!atiors, onfl jiruL tl w I Irruri i iiiiii I ui

iocaitioni etnIisidiel~riolrs", dlid Clitail stilbstairtial extrati t("" !(il pe 'tclur

irl tilt Arrctic.) IFxcefrt lti tile case of t svl,Ium lisill'' ii twilt I ii tia'v ttie

': extra co)st' invls'lved iii wartimet resliupin imd niptII~ rut rtIiol vkun \ tIn

investigated inl kticlrt 1-(i ;[ reitrielin' b :rsc, Itrijueti liii' or iiiiirrrrr

cost wi5 Si !J'Vii Iii tier 1k' iss tloth ibtrintls' isi etI i~

tiuring the earily riruitirs of a war. Toi tree :in) iiirhtl ir.k liciiLt' il

ItI-tC iras ~i .
whilu, ill airly Civic, there iil c~t iti aCosts fot oputietilig iliril~tik



of ii ten. etc, inolv l in rdditig all overseas1 Comtponenit to ii
.19NN stetn. it vwaýs 11ho1wn tob ibcheaper to adkd refuel ig facilities

haioperating fIiifi., ov\LO it' Vii n1rtiltiil 'israko VCStIL Iil~glttt..L.

The ianalvsis indcatcd that-a ei ikiling-hase systemi oversoas is dlistintlety
cheaper hm~anl an w'r.,,as Operating system as far as i acitites, airlitii, .11d
stock:S areo C,1cn iced. !erefiielinrg hase involved fmi ctions other than ft el
piebulp: it inv'olved iimi nlieline, Iom example. However, the purpose Of
tmaintenance in ai rofuel ing-hase systeii w~as 0oi1tlvo ;tsist;, as liianly planes onl
to .1. get a its ct Cold withil it aSaft period* of occupaneyanftogtheet

hool,ý The eco'ss of, exitra alhorins itiv ofved in such a policy, as wvell as the
cost i xr persoinnel to provide Stagin rig support, Were i rcide ito ill thle

carmpigr t itfsl'( as Were [I ie costs 'of prestlockitig and pteingstufficientt
filte] to all entire ca im 'a ign.

cAic I.s,; hew - ;iad long ins adva Jnce of he stearto any caipagn
"grotind-ref tel Ing system1 Was shown to have distinct co~nseql(niens for the
location of' prestocked mnatelioil. 'Iherteore. the analy)sis iii~licrtted that this

Fine importlii1c Of adding bases, lparticttar~y -to the south, (if Ruissia, was:
Nuttstaitid 1wv bkrse--oadiitg ;til;lIyseS for1 both the opeCratilng- an1 ef1 el-0hs
systemis.

The coliitparlative cheapnless of' thle ref'tieling-i-thsc system was evidencod by
eatipawnt atialyses. This systemi had at sigitificaitt nlaigilt of* advantage ovur
overseas; operating hiise systems, even neglecting vttl iserahi lýfv cotisiderations.
IHo.wever. tilie Lchief 1coofivC forF IeI tirC (11 thle refItetiitig SYst~lt was1th retlue-

lijoti of v'iltter~ahilil v ill ;I peiCodI ()I gilowing RLuSSianeall i Cli,1til-S.

FH. O4. 1 i ItAN(e t tI OM itAL~t 1 to 1 t!MY' tiORI:tR:

I lit;,(COST OF BiASE Vt.ItNt.P.,tiiit I Y

IThus f'ar the StUdyV had -considered thle qunestion of bomber-baise opurationis
ill the. cotlitex of at lat gly-otie-sided writ: ill which tile etenity was, limited to
ifet'etse. Aside fioni the bysrans (Itjoss tiyileiises thle uctierii minigtt
-11iphoy, the study Kid lfiatd the optfion of choosýing base conbihilition-. M111chjee

-htieily to aecrodynmiuc. n.liticrnl, aiiid log'istics enicnstrainits. N~o Liwnirititative
cstitiite of' the co sts f mit mitinni Ctrk in the faeOf eiwlellvv aii-ick ha~d

ricil Itltdc. 'I his~ wats ;I critical niatte-, s;iiicc the destrmtction Ofi (iit- Ati ikce
torc(- was dcliwly :t. i;itt'r 0f htilt p~irimv :1111 ii was ye iv likely that Hthe

etClty-11 would have the opporto itV itv or thle Iilist ittilCf. C e aIia sfee
hy i~ra loree )int the gn ttiid, ate I thle types, .1ttd cost of, baseefens varied
widel Withdi IifenCinig baLse SYSteti cs. With some11 del CrIFses 0111 ;IV sr lall plieteet

tage of otir bombers woulif survive to fak~e p art in ow.1' ~tttaCKs;.
Fl~e ianalysis niext cxanuitiied tdel'nsCS that-woUld be econtomic fori alternative
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base-aircraft systems and thie damage t hey might be (e.pvctcd to sitifer int
spito (f thle-2 ccfeiises'. Here the "survivat vailue. of thcsc systems waS HMO;s

ured in t~rins of the systemis cost per hojober avad'hke !or LISe after enemy
attacks. The major altcrnativc base systems weie exarniflrd together. with
O\'rSeaS* refueling systems dlesignedI to have extrem~ely low vulnierability to
Clenemv attack.

!twas shown that the vuhimerability of ai strategic hase System and mecasureS

:;or it ,s defense -could he Separated for* the porFposb oft the analysis into the
followi'lg, five. Categories, which correspond approxim-ately i-o the successive

I mw pasesof :In at

I.The tckleof aircraft and %veapons, possessed by, hl im nd n, 'his coml-

11in itents to attack 5AC, anld me thods of emnploynment of the force In)
relatiOnl to0 th1e1 siZe and hC1TjbcIL~o of, ticf L'irgc t syVSLC1i 111Cviic ( y ',,(

2. txpected Survival (if ottackiq, hon-bers to the hsmih-release I inc.

3.The- val tie of the targets pre'sentcd, ;is di'tr-rmined by patterns of base
-WC ITiet"i ngfhi-ý oposit':' o! uire raft and othcr ;ystems clements

at the tiniic Of ',ttaek-

4. t vsical vulnembitbity.;A systems elmet.

5. T[he recL iperblhIily of file force a tfter attack, and thoeffc~te of .dmimage to
SySterimS clcments on the iccomplishment. of strategic bombing' missions.

oI Isidt.I )IIt oill IIi t IIefl. Iii Ii wo elI iCtil a 'Ictor's (talirget f adofus aIniIId peCIWiti atio I

rote) tressed dio idvaninages. (A heii i close to the tariyet aind close to

favoi able: p)"i ts to enilt'j enct i)y d1C1`iLses, U nfortiuiately. when we are close.
not onjly is our power to ittack the ieoney very rzrcalt bit sýo also is hiis

p OWIý1 to attalCk U.S. (The rings ill I in.y 3 if) ind~icate the stepS in whiichi the

eiieni'rtiking power dimiinish'-, wvithi distance. froi'n his tmorder.4"'lhe mlost
obvious d isadvanitage of Il0 overseais base system iNi itS increased VcmlnerIhilil y.

' ..S. rOperaiing liUscs

lMev mioiA vital anid easily' dalmaged ciemilents of :islArmitcgi fmvclS. aicru li
theL 1IS, Y1 were fritild l ot N!o1 VCI_ 'rV1 ulneraleh if the aimicraft, pr:rs--nlil('i,,

alid essenltial materiel evacuatio1n l~aII f4 SA,( wereT carried out. (Im:e'r

lar)ý," numbeimr of UI.S. beiscs lvcr'r too close' lo thue ;wrui('ter ')f our projei rod
1 4U'6 radlar tn,? to hrave ovmen nmarqinr!Iv (dequf(!r, warningA og(:Itms! air atit t(k.

Moreover. the amN~ls s showed th l~t, in i ihe event oif Ruissians use of' a short-

ranige Su~bm Ilati-11Mchec AJ-bomb catriier, 1 no Ltotore eXteivioS4Ili If he !,4 alo

nctwvoi k was l ikely to provide adelquateý warining for coa~stal bases. Coniputatitons'

soc-d that a single. !Iiigb-alhi~ioe ma.ss Riis~iai strike agalinst i-. tarets,
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c~~nt ~ /ftemdbooumNc.Wli'dcu~ v-trigt ol )-

FaC ig. 3.~al C(1 11iimm oaf 1 20 IbinflS t o the.S.e.tructkiniofpjwe

( oniiderably smialler bomb comitmiiients by tim ReISsIanoS could alSO IC.ýIlt

in high levels of destrUCIon in the absenipe of adeqnate warning. In additlion
to 1;omb conunitua'n , the analyis also considaere varying estiiiates Of RuLSSianl

bqojnber stockpiles, expected operational aborts, and attrition inflicted byU. iS.



-j SO svir"ling

0

Number of 4I0 K1 bonibs as~igacd against eakli ZI basu

Fig. 3.11 Attriiion Ol01 IUiogit niiied vi sfrntegtc very vcsis itit'Uv fioiib al Iocait iln

defenses. Figure 3.1 1 illustrates expc~ted grou~nd atltritionl of straitegic aiircraft

on U.KS. bases ill 1 956 for a rannge cif A-bomnbs allocated by the Sosvie-ts to the
utas of necutralizing t1 6N force, and for a iange of probabilities, of theicil
Liclivering tilc bombhs alloCated, 1110 delivery proibalilil-7 depends& oil thec
initiber olt bombiers assignued to) the task aicd the effectiveness of our fiel"Iters

Whielt, inl tItTll, (elepndS Onl the. likelhood, of Russian comiitevtiiasurcs-. Th1e
lowecr limnit of the sha.ded areas ill Figý .. 1 I (andtt ailso ilFig, 3.1- , P) 47)

repi esuel It; prebubl values, of' enem~y bom~ber assignmlent aind cilcctivcnes~s of

our lighters. The upper limit indicates the rcsult of assuming a higher enemy
offense capability and lower effectiveness of our owni defenses.

An analysis of the reduction in U.S, homber losses wheni adqieate warn ing
'.vas rceived sh(1owed the bnefiitS (1 tUI eacatOil. 11, ad~ditionl, i~lvwy kits and

operating pesori me! were protected bly theC eXectionl of thle SAC evacuation

planl. lDispered operaition was considered as air' ailtevilatiye oil n adiioa
defenClSe to cvaciLiatoi. However, as ai stbstitute liii evactmia oll it tt'itsp'1 oult to
bie tinueveptably senisitive to thie iimber of enemy homim dirCcted .1gainst SAU.
As' a miippqlywent to evi~acuaioni, dispersed operation tend~ed to eost ilior tha

it saved ini imiottritcd bomber; (,;cc IFit. 3.13 13. p48).

Wherever possibile, measures(-' tfor example, ajddition of radar,reucot f

tlime -required Ifor eva-Leoatioii, andti tansfer of wings fronm Oie periphery to the

interior) to provide ad~equate warding and to facilitate evacuation of critical

elemhents of the sirikiuig furce appeargd to, be more effective andi less Costly
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than initial iy dispersed o~cratiotrs as- a means of' defeni-ding opera t lg bases.
Ill particuIlar, the carnpaigii analysis indicated that it was impowrtant to

Imodity the.I SAU evacuationl planI by

1. Hastening the deuisin iTo ev_ýwiiud, by a1~llow ueSAC evaIcuationl to be
triggered automatically by a waiinIgdiived 110111 tire U0ontinuous1 stýtisiicad
evaiination of unknown aircraft svithhn our radair network. (The ana~lysis
pointed, out tha't the triggeiring level to 11ush SAC could and should be
lower than the level the Air DefenSe Comm11anld (AT)ij reCqu~ied_ for. r~t; full
Rcd alert, atf'ecting as it would many eivil ian activities', also that ý,might

he ,,Ct SO v, to Cxcrcise ill th c, vacuainpa two or threeý times
.a year.) pa o - -

2. Sepuar~iting the plnfrevacuation. froni the plan bo IPC)il ombers
for attack, arid givirng higher priority o0 [IreC scrs jobl of s-aving 'thc
strikingy force.

3-. For at least the interim, keeping minimum111 evacuation crews on hand at
all times at bases that had insu~fficient reliable radar warning to permit
crew assembly.

4. Providing egress taxiw,,ys, wherever possihlc:, to perm1it the tamiing or
-towing of rionflyhl aicraft off base.

Besides evacuation, other critical defense measures for bases ;n the zi,
described below, were dliscuissedt. (With these modifications., the probabhility of
evacuatio-n ,was high en oughi to rmake !lhe extra iW. .1UHUrre of' oper1ating_ bomberWIS

inmay nisof lcs.ý;ta wingo si .rJ exesiel cotly. However, formus of

dispersalI other tb1-ur disper~sed operation i~h wteconsidler il quite imtportarrt
for e'yample, preparation of altern-ative U.S. sites for emeirgencýy rise ald' local1 

-

dispersal.)

Oiverscas ()pcratin.j, Jos('.s.

F-vacuation did not appeCar feasible for most overseas bases (advanced or
intermed~iate) because of' the very short wairninig tunies and ,i high enemy
capability for frequent air' attacks andt Icruts. (The iinadequacy of warning time
wnus emnphasizedI hy tire threat of' 'uro i urrcudattacks.) viitrso
these projected overseas bases worem-wl bnilt 10"ai o1f thestaa 'l11: re llricrahiiiiy
oif units dieployed to suich overseas b tsr s wotilC lie h4 igA~.

Analysis of flhe cons~equrence!; ort' RLI u"ýan A-hornmb airiiutlmwk on fi ti, whole
of the projectedI 19j56 overseas priniary-basert systeru with teprojectedl
(Ikletses Cleu ily showedt that onrily' smIall niumbei 'of A--homily; were Ineeded

to eliriinate tire majority of the force surviving attacklin tire United St'rtes,
* (see Fig. '1. 1 2). (Although cxpecte'd destirection 4f aircraft is uised as a



1. 3 TR Al I it; W A itl nASis4

meiasure of vl41ncrabilitx' iri Fig. 3.12, the coniha effleeiveimss ot* the toi)Ce

wouILd be turtlict reduced [by loss of tiers;onnel. botmbs, basc fac flit e. findi.

spies Cl T he eXtenISive dlestrction intl cated by. rilttler iodcratt.' .inv(,st-

mernts of. RLISSiLin b1ombhs reSUlted from (1) the conlcenftratiton of 0111r NtIAtegic

forces C14 relativ ely fwbases (a reasonable allocation oif cxlActW clienemy
forc-es pr'wdd wery largc atrroekiug eell% Per (2I ) llladecjILKtc radar

coverage and diefense weýapons elleet'vericss, es.PeCtiitIy low IOW ltitudel(s (boitib
eresin attacking colls had a very high probability ot I cact lg the bomb-

release linelL titd (3) thle high. physical vitlnerabijlo (i~ f sy~stemn comtponc tts

probability of dcstrutitioii, given bomlb release, wws !very high).
After th10 otutbreAk oV a 'war. Ilihe initial vulnet a ilitv ol winus dealove~d

VCSf5was1 fouind to the critically d epeudeut11 0 te Ct tOIl ol C\ postIre'

beforehe mounting of tile first U.S. strike., Mev.'LAVrCS O ) cul 'b tkeIk to

reduIce the( Period Of eXPO~sure before Our first strike, but after that ouir

13-47's seheduLe~d to operatc from overseas bases would he cxposed to repeated

attack,; by enemy aircraft carryinig high-explos;ive and atotolie boUthis. Analyvsis

ind~icaIted thait Units oil rotation overschs at theý (uthica~k of hostfil ie; iltlist

LOec Lstffrc great darmage immediately.

f /)

alkcl ion (ii to at rem t Cv ialOl

j/



I'li. i m:ilN'sj Ind icted t ha t thle vuilnerabihlity of the lfornicrly p' i ojected
overseas operatingi l1;sci sys'tcml to even a quito low level of enemily attack
could he reducCOd. By allocating more, of' our strategic hiudget to the purchase
of ad yie and paissive decfenlse, rather than'bombers, -Wve could inucrase the
totd ii I iumbC.r Of 01ur bombers likely'to survivv- all lbut fairly high levels of

cnciors ljnihjm iki~atack.I
Int tlit final comparison an inmproVU1d OVCrSCaS operatinlg ba,:Se- sy.-tem11 waS

ton .dt d th thre t;iniS"s of1 IassiVe defens e iaslires described belowI
Wer it ti titc. Ite l]o]VolC( 1iul~tipl-cation of bases., relocation of bases, and

'hNn,''' I Wi dImm (iSe~wizinratioi -ind tougiherlingi facdi"cs). 'Th tirst two
i wo~lk d I irge-s"ca,,le ehl ages in thle hase System ;is a whole. Of thesci, it Was

inditamiI l,1 4 ho on, blse relIocationl, might 'affect the w:,i' ng available aildI
the pno:l-hlc sue, of' thle enemy attacking force. T'he second wouild increase
11we maunfli of o'iuciv hombllS requirecd; the third-- local caiige.s- -would force

aln IHU . IS inl he Csi'. if' n0t 1.1 le uumbfr of bombhs.

PIS -ire I )c;hiyi: A'liKdbiijlvl opei ,mmn hBuses

Sie veMW Ionil P, f1CenerdV 110L ea'sMIr OVciCdL~V, nijul tipic Sep~al aed bases
had to lie mrous.dir-i'd. 1ViotcCtintg thle bombers by flhjs nieanswouald require

iiititipe e, t~e b~~s. Wiih thue cc-t in vxtrni bise facilitieýs. (eqoi puiwn, and(

;10.1

'la, illS) 
1

Fig. 3.3Eva.tol m dsu
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perol] Icli heldW .,) Iat a lit, t.'ic re I-c (ILt ion11 in 1Ni rC ra ft. grow U i' at tritiOn i roml a
Jinhlert Cniemlv strike for three deg~rees of operating-base. disperral is shown i n
Fig. .1. 3 . Over :i cont~sderahle range of possible Russian bomb comimitments

against our ;trate~gic. force. in 19516, there would he a net gain in the num11ber

of aircraft surviving- after combat, even if the extra cost of separated base.-
resulted inl fewer aircraft being procured. However-, the project could have

no reliable kiInowledge of what Russian capabilities would be in 1956. It
wais -rotcd that if the number of. bomibs atvailable and allocated to this task
was higher. than estimiated, diisper'sed 3 operaition ~woul-d buy very little (lefense

1 i. 3.4, Nli' tile Russian, capabilitý was expected to increase rapidly

,, Jinne wvtict by. we could not rely )n this, method Of, defense.

Pacssii'e I Rcie (11owion of Opcratinr,' Bases

Relocation had bccn advocated as a m~easure which!! might counteract Some
threats agairiiit! ziopera:ting bse.If applied to overseas bases, this measure
would yield, thle initermiediate overseas operating base s'ystemus previously

mentione1d. It wo01ld, inldeed, iteducc ii ic iiurbcr of sorties th.,lt the enemny

1100 . -_____

IMI.
1000

I 1-lo

1/ 0 A1. IW
No C1440a1,i

Fig. 3.4 vacuaitiun ani d dispers'al: }c iis it i vilY
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Coul1d m11ount I with at fixd forýce. lb is would be a great asse~t against :'blgh!
11ltb~ tak but Of little value *ai~ai ist atomic attack. Repeated atmtic

sort:es aie not required to destroy soft targets such as,; bon~icrs caught ont

th gound. Since intermediate base systems were nlot withintedepigc-

backed U.S. radar network, ovwauation would rie deniedl them as a defense.

Theref-ore, they would be little less, or no less, vulneirable to atomlic attack

thtan advanceO overseas operating~ hase system~s.

P'assive IDef eits: (ihangwirv wit/iti o.,flase

No existing strategic base waus specifically designed to reduce damage from

itomic attack. Ai-. n ,Jis jtoWL:,k illi oitaaeiitisi (40 KTF) boith diupped,

with a 40001-ft CEP~l could bc eapeete' to) reCsult ill deCStruCtionl and serioulS

damiage rattging fromt 80( per cent to almost ,jI[ the itirefaft, struIctiireS,I
supplies, and. persotnel exposed on. zi bases; at d most overseas has-es. D~iiamae

to many base elemenets ciould he reduced by lo~ai dispersal and blast-protective
slielteis. Parking aircraft on the perimneter of our la rgc French Moroccan

bamses rathler thani using urea dispersal (now emiployed overse'is frspotecronetot~

ndbghepiosiY, attack) wimutd reduice expected aircraft destruction and

saiage by ahoiit one--half in the ease of an attck 'with a 00- (t-
serious 1Jn weto O lw svea hs ieat rIhw e a ,l t hcatal.si oC-Lkl - ho h!svrl(f thsedefense naie
were reiitmveity ittepcnlivu nand ni ieast wouild enlsure against the ut:ts of

rneicItlfl-sizedl hob ts. HowN' ever,. their effect ivetess dependedC~ onl the in its
to the size (A.x the btatib used. The study found su,111 methods inadCequ~tt for

4 toe.nm nroleciiti Wat our ar non hes Against theV dCl very of Jartte--yield bomlbs

with normial acetiracies. 9n the ot her ktind, they were sh own to have an

li1ot liant~ role 61i protecting the criticat fixedl facilities and fihe base defenrse

wtiittt)11. Telit'Itrrcning )f critical Jaciliticy against !hc pos,;;hililY of atttitks

anallyses, even gief Siatzeabtle cnein stockpiles (if tlher,,t Ullt~tca VCiveponl.

Acetive IDefcnaet

The' study showed that the eflectiycnccss of scheduled active defensecs Cmtiilmd

hec improved som-iewhat by added t adat euvciap, especially at! low altitude. -

( vei-ocea~n coverage wa'; itiadeqlUate ;t 11(101;L Otf the proje-cted -ft rwvaid

operaiting, bases Wet c within 100 mt oi of' the suia, miaik g area de fcivues partie-

ul~irlv itteffeetivo. Achieving at high level of defense, by adding mo tre dcf~mcae

weaIpons Of tite type then1 SChelduled would Cost aboult. as1 much ais if, would

save. -

('11o11nd attrit ain would he signilficantly red eetil by- the uise of weapons nlot

likely to be mv'idlahle for thce defc-tens o.'f oversewe; nalses inl 1 91)6 (ieand

I I okical-deferlse weapons, etc.). H owevel-, tile study indicated * tat ini all

cases the effectiveness of. the active defense of overseas basu's Was, criti~aiiy
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depeniden t oi [lie pert ornuniicc anid IrtI~IhVI' (if carriers, tactics. a ind counter I
mieaSurcS empI))loye by file enemIy. fto view of tlts uncertainties about the
ulfeciveUHNeS 01- vat tos actAiVe. dcei c nasuieh' it appeared very risky t o

defecnd bases primarily by active mens A i was palrticuliarly truti of bawss
that could 'he rcacehed hv'iighp' orac jet aircraft (11.-28, FF- 15(), wvhich
she Russians at thc tin)e were expected to have in large numbilirs.

A nother stirstud~y do.-Ilt WithI' r-cuperation. Recuperation plans wvere. shown
to dra.stlally redcIIe M le 1.mpa),ct 01 physical damlageý onl base opera; orial
etlectiveitess. Ill Ihteas' (!IS '01i .11 '-hoinli attack oni o base, a large ntuhber
ot the aircraft iaughlt reqIUire replacerlen t ol thlose parts likely, to be damiaged
by blast (for exan1131 ~C. ontrol surfaces, Nordb-hay doore, external plastic
SUrfaces). As these~ pa rts normally did not requlire replaecement in.,L11itaritity.
they were not stocked inl quanTtity ;It ba.Se-S. However, such stocks would not
he expensive, and failure to. siock, themllcoild mean weeks aind possibly mionths

Aside froun decontami uation, the essential measuires jui-ifdic-d~ to imeet the
radioactive fallout problemi onl nome11 baISes inch ded (I) evacuation to-erner
geney alternate baSes an11d delay inl using the comn aroinated bases (bucaiise

*of the ra~pid decay, such delay timeIs could bie shorts--providedI tne cro

of exposure was short), an1d (2) shiorteniing the pcli (1 of occupJancy Mnid
exposuire by staging through the contaminated borne bases front d ie einie

*gencv lents
Other neasureCs exrMINlmed and( tI'Mirrol usCfLl 11CiRIeUdd dt-1)i pl tiOn 01 Vital

base facilities, the t raiititg of lamInage-repai r tealiis, an1d provision f or emelr.-
geitey con.istructiotm to reuplace- facilities destroyed.

Combliinations. of' active and( passive defeenscs were found to lebette than
any' single defense measureTI for the defense of'. ani oversas operating base,
systemn. Manning and rcal-estate constrain is acted h) icAieit cilie ta i" ige
choice' available. A conspaIi son Of the formerly prograninied systen with at,
oveiscas oper~aing base systemnimodified to reduec saLlnctalm iiiIy s;tirwec ;in
increase inl theC ntimilk- oftlll biucr-s available for Comba~t %Ol hen xtrain;
(0111 Of A 15X'd bu~dget) were spent for additional aedvi Yea d( p:1osiývc duttt fen

measures, inciojing local dispersAl and blast protect ion, a' igri:teutd lilt rcepto r
and local defenses, an d ground and airbornev early warni ng (,Al W) radair

cOVerau- Isee big. 3.15). Ailithogh tlie cost pet hlmottule proci.tred was found.
to increase by '30 per cent, the cost per boniber survo'un!; Jor ? ennmhw alo

with suppofting elemients). deceased by 3 e ot h, Oiimu-o
dfnemasuics wvas not re-garded ats optimal, and there were wide: variation,;

in pr-cferrc nt~asuru-; for difrertnt overse-as-base- areas.
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Fig. 3.A5 Effect of augmented overseas-base delenrses: ovenreas pr i mary sysf4ý2cms;
:fixed budget

Preferred DlelseavMeasures

It appe!1red that the vulne~ral ility of SA(.; bef~ore deploymlenit to vrCa
pl-mar bSeS WaIS moderate1 for- Units Stationled oilibae lik1Av to rececive

adequnate warning of atittaeks, and Himia wh-ile mainy -ui jits we it shehcdiii ei

to 11aVe Stich warning, it nighL bie pro~vided by tile means suggcsted. The
cost ofi this oicasuirc wos smxall inl ctmnpairisoviilwit ii the dalmO~gc that it. wvoild

avoid.
lbr campaign analyses indicated thatt by M6111hc vulnerability of' divvT '.0.

opecrating bases was likely to he miacccptabiy hi gh. It was possible to Ired nice

this :vulneriability by applyinL, the measures described ab-OVe, bu~t the Luccess.
ti'such de~flense meaISUres ;ficl)C.1ldl(N criticailly on enemily eapImbiliitios. It wasl

also l~ssible to reduCeIý vuidicrithila y by all essentiailly difll ren t strau~' b'ist:

sy iei .on IJvinj'ý opt a ~i rig hases in the 0! 1ie t cs~ ejucinwt
ov&eieas r~fi zeling basc';. Like evacuation ncaustires ill the U nited StlIIcS, this
g round -ref ic iellyg sy stemi overse~as would iimake it impnnrobablie tha Ou 1 boiwhn hers

would be CalUghi OF) the girmiild. Thte Priibah11iity of NULeeCSs of soebI 1measl.ures,

which redutced the eh i ices of our beinrg Oil base wheni ermeicly bodic eiaclied

the bombh-release line, was, founid to lie Comparatively linadfe'cted by a1 widle

iar.-e ot possible inem mrAits1 Ill eneuwv Capabilities..

Defenme of.0verrqvw Refijelinig Bases

The study neixt examiiijic a strategic systemn with refiuefing haisns' ai% the
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sole overseas clemient. The refueling system' was akt;sunimcd to include all bases
tihen srhoeduledl for use as either refueling,. or operating base,;.

P~ctaile(l Study of overseas refueling bases showed that defense migpht Tpe
achieved economically bny (1) having many miore bases than were demianded
by traffic requirements; '(2) reducing the '.period of exposure of aircraft on
bases (2 to 3 hir oir a base near enemny territory; for miore remlote hascF, safeI
periods werc more extendedi) und employing. a base-uIse pattern that wou1ld
ma1.ke it iniprohahie that the enemny would find the bases )ccu~pied; (3) dispersal.
imultiplication, 'andI- blas:t-picteetion of miinim~al -facilities to reduce physical
vuidner:duilityý.; (4) active dofonse' evrn when bases wereu unoccupied (10 wings

of lint(:rceptio rs, 'i' battalions of Loki weapons), and, when some of the bases
were OeeuIP~ed, concentration of fighters (and addition of 10 wings (if fighter

CSC~t) a 'the points of occupancy; and (5) establishing a damrage repair
and recuIpetation capability. 'Ihc multiplicity of these hascs, the physical
toughness of the. few fixcd installations, and their considerable active de~fenSe
would make them unprofitable targets (ewen assumring qu~ite large Russian
,.;;ock piies 6f A-boinh4, and long,-range hornbbrs) so long as the bases were
unoccupied by bomibers.

.gll~rv 3-116 (which shows, for one attack strategy, the percentaige of the

i~. .- 00. (.0

IIlfýC mo PII- g 3.1 Reteigbs oc .,upunc
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total. bombing force atl risk inl tile refuelling-base system at various times
during thle first mionth after 0-day) illustrates onie of the most important
features underlying refuecling-base defense. Even if' attacked at' precisely the

hour oif maximumin concentration, only af quite. small puteentagc of ot'ir forcc
wonid hoi ris ke 1--for somiie altick, strategiecs, a percentage -.zomparahl(t with
the unevacuable part of our force on interior. U.S. hae havim4 til, q' te

warning. Moreover, even allowirfg for extensive intelligence information on .
thle part of .thc enemiy, we could. by using feinting tactics, random strategy
and the l ike, make, his expectatiooI of finding Lis considerably less than that
indicated at the hour of maxinmum concentration. Trhe feints. suipplenlen'ted
by such devices as 11-47 dummies on; th rfueling bases and by thle active
defenses assumned, cotild mean a. very substantial waste of enemly bombs

,:idbonibe'". 1
,A~ 1.5"-basedl bonibcr fore operalting thr-Ough aIn overSe.-s refueling base

system so dcfen led would stiffcr extremely low gr-oundI attrit ion eompared

with an. ovcrseaS-lbaSed force. The projected 1 956- system of opera~ting and

refueling bases would require only modcrale extension <tudiiidification to

adapt it to such use. A xtrong overseas refueling-base systemn would be tacti-

cally, as well as politically, feasible. Moreover, refueling bases (like U.S.
operating bases, but unlike those operating overseas) Would niot increcase

sharply i~n vulnerability with even rather large changes in the ti-nunber of

bomnbs and carriers the Soviets might comm it to an attack on I be U .S.

strategic' fo-ce

Sun~rar uf;JO~e"~ty~neind :2pC"'10 / airtag

The stuidy CMncLntlcdl:

I. The uinmodified overseas operatin ae '-e system, would he extre mely vuli-

nerable in 1956- j-

While SAC ?,miild not ho made invulnerable, its vulnerability could be

reduced 1-y v'i Viciy of incasurcs which would save more than they would

cost. No one mecasuire suffliced for flhe defense oi thle ;uzitegir lorce: nman
were required inl conihination.

3.The best of ithese cowl iiinatuions of meansurvs involved as a major con~llo

itnenit the absecetc of [the critical vulnecrable clenicots when bombhs vwere

released over the basci' [his meant mealuire-s enabling evacuation inl the

G nited States, andl IIICISuIes, reducing and Making irregula-r the. timeI spent

* on base's oversean.*;

* 4. With such measuruis it .would be feasible to preýserv the ma~j!brity of f"Ir
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si rategic boirihets front enemy bombing attacks, even as;umifiig very high
enemy otienlsiVt6 capabilities anrd comm-itmnent to tire task Of destroying SAC.

5. [ )ci'-tse mecthods which left Our bombers-N onl base -,t the time of attac~k
doipoided vt-ry much for- iheir succvess, on I itnitat iors in the enemy, capnabil-
ity. This was true o th aumne dfnss xriedtot oversea

Iiiirimary bases. Mtiliiplication of operating bases could be matched by a
proportioinal Multiplication Iin the enemy bomib stockpile. Dispersal within
a base could be matched ky the hicrecasing yield of enemy bombhs and
ictive defenses hy enemy cot internicasuires anct by the increased apparent
size of crnemy attacks.

6. 111 complla6xI1i tli' destructive poweti ofl the four broadly different alter-
naitive systems [or basing the 3-47, i was ipratt nld )t h

ocosts of anppropriate base-defenso meipsures and also the specific Lfl'ects of
cienemy bomub dlýimage on- Lach system.

Some, measures tHat were necessary to reduce vulnerability were commnon
fo a111 the system~ls bi.ines comport d. These. we nv I he mieasi I n, for h mrivhn inni

critical facilities both- in 1!;-z Iwu iverscas, a~nd (slince a!P~ithe system~s

Involved, a zi comnponenti) lor pri otecting aircraft on the ground in the it
bly itensifying ille evacuation ptu ogaiii. These iiwasjuic s wel e sh owi W-1 -iov
effectivo arid essential, But the moost critical problemi was the protection or

bobers over-seas. T cŽ analysis made it clear that edging back, as in ain inter-
imediate base systen i, (lid not significantly redce1I s'nlnerahi Iity to aIli atin me

attack. ['tom the standpoint of vulijerabil ity, it was imiportanlt to be ais far,
ba;ck as possible. flowevcr, leaving the refueling function l orwa rd iiivolvcd
mnuch smaller ritsks of damage than advainced opieration..

The study then Concluded:

It is cle~jr that consideration of vulnerability ,algric dictates ope~rations from
bases as far .fuorn the si~urces of enemy striking power as possible. 1-lowever,
vulnerability dodp not lesseit continuously with increavsing~di.etancc from enemy
bordlers. Edging away dries not help. ItI is only when bases of operation have
been mnoved well within thec ra'dar network of the z! that a signilijeant arid
reliable reCduction in vidnerahijityaoccurs. But if any conponen-t of' a bombing
system' is tii be, left forward, it has been shown that a systenm whichi leaves
the refueling finictinun for)jward( is least vulnerabhle-

Various defense 11icasUres have, been tested for eaich of the base. systems
considered. Of those surviving the -test of savings versuIs costA, sonme are conumion
to all systetuus "considered. These aret( lht' ncazuircs For hiardeniiig c ti
tacilitics, both in the zi arid ovcrseas, and lor protecting aircraft onl the rroni na
in the zi. Since all 'systems haVe a zi componet,ni atLe~t before- D dqv,' :-01
have [lie ruquirenient -for ibis defen!se. The principal mecasure fur- the de Fense
of aircraft in the zt was fouind to1 he evacuiation.

I tow'ever, the(. ulost crrticatl problemn (esexept for the. intercontinenital air-re fueled
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system) i!; the protection of aireri-ift ouiseris~. The preferredI net hod of
achieving tlii4 is the ad opt ion of brief M1. hiid i reil i per OLIS Of OCCtIpineIC O 1

overseas bases. J his is the mnethod ot tile Cron ti- c lea viu~

3. 11. '[noif JOINs: fEFFnCT5

Up tb this stage inl thle project, the effects .of the operatinlitl (histaILeoS (base

to target, btiso to ý eney bosdcr,cetc.) had been examined scparat, J.y In reaility,
they iritcrict. To examine- file joint effect, of, these cr-itical disancee factors,
several widely diifrn bse anIirraft combinations were conipared int
the, conitcxt ill strategic campaii)ns in whca ithu prt~'touw soct' yn, fti

an* enemiy first strike, the United States launnhed strikes againtl, aqdefended

Russian target system while thle U.S.-base system Wat" conlcurrenitly uinder
Russian attack. The systems comipared were (1) ain exclusively air-retf).Jled

i~ntercontinential B-47 system., (21) a grourilnd-reueled intercontinental 1.-47
systern with a tanker SuIppIClemet, (3) a 13-47 advainced. operating overseas base
sy~siri (with ilocal dispeirsal,, more radar anid active defense), and (4) an inter-

nMhdiatt' rl-vrseqas operatling base systemn (.with an appropriate leveil of active
and,~ passive defense.). In thcs'g, final compariso~ns, a considerable ninaber of
plans. -wim aitet naIIv iwý,ice ;LJLllMCrnT1tS wvere L iied for each of thle competing

U.S. offcrhtiv Fytm. ach. systemn was matched against :in, enemy defenrse

and offense and deployed to take sonmc advantage of its characteristic weak-

Ines-es. On the other hand, tanker-bombe1hr comlbinations, route-Ls Of deployme11nt
and penetration, and, active defenses were chosen so ast, 10 p CP1it advantaI~ges-
of each systemi- and to reduce itts force requ~ireŽments anti cwst. Appropriate
additional defenses for the overseas operating base and recfueling-baise ,,ys.tems
headarev~adyin ne tw dirk. The clsstsmbth.o these defenses ande ofl wthe n grond
headvalread beng sTud ed In. allsysbtemsf thes U.S. bases were welo iti the W1d
damage to be expectedl for various Soviet bombhing. force and bomrb assgn

rnents., were included. in the total cost required by ca'ch system to destroy
various Russian target-systcehs.'

Although the bombers and thle 1J.$. operating hase hacationls wrcthe Same
in all the -systems compared. anid althmigh their merithods.~ of dJefense were in
all respects identical ec"~eet for thoSQe aspects vqssociated with t lie concepts

of operations, Weh( differences in campaign cost!; were striking. T[li in1tul-

pontinental CxcIlusively air-refuieled systum turnjed out tol lhe deccidedly infrerior '

~\to thec i ntercontincrital grotind-ref ucled systemi. The advanced overseas

operating base system StUdied wasi, ajssuming a low eneomy commritnient ajga inst

SA,sc intermedfiate in effectiveness between the two interClcontinenital systemls.
However, its cost and effectiveness were very sensitive to thec iasilrrnption
regarding the riunibei anid size-of elnemy' bomb~s commnitted. Gi ven a higher',

SSckcetion and Use ol Str'ategic, Air flaxes, p). 336.
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cncmly commitment, its colst reached Llý;tt of t1iL' iriterentinCrital aiTrefucled
..y"on)U. The interniediate overseas operating base system, whichc.ombinCd the
high radius-extcnsion costs of the intercontinental air-rcfueled systcm and

the vulnerability of the advanced overseas operating base system, made the
worst showing of all. It was expensive for a low \ivei of comn-fitmecnt. FIuure:
3.17 conmpares the four types of base systems for an industria)l-targLJet systeu".
(Both the relative standing of the overseas operating base systems and their

,1). Nodti e enemy offensive ,

l(o•..

'10

10

S0) l7-

A ir.rcficlcu C(;round-refueled hacrnicdiah c Ads,'aciwed

sy)ttm %yS•tcii. • ersco", latin) g overweas opcttir g

Fig. 3.17 Intercontinental and overseas operating base systems: cost to dstr'oy
an industrial-targ.t system in the face of enecny A-bonmb attack

sensitivity to differences in enemy offense would bc shown to he wuise if
"Fi1g. 3.17 included the indirect effects qf ground attack as well as thc direct

damage to bombers.) These results apply to a campaign in which the air-,
I r-efielcd and ovcraca:; operating bafse s4ystomnv withhold bombers to cut support
and ground-loss costs, etc. If, in accoodance with Air Force doetrinc at thai

time, neariy all co.hat-r.a.y bonihl'rs had been n,.d,.- the inferiority of both
systems would have been even more nmarkcd.

3.12. UJNCIRI'AINIL', IN ENEMY (APABII"IEIY

Since- all systems used th', snime, -,bomnbing airc-a ft, the" ic:,ults were iii

afi'ected by ,ýidc altvration'4 in the ot!e ,renciy dtficunsu capahbility, hit were

somewhat affected by the allocation of encuiy defenses hctween aica anjnd
2- local d•kfense. ! " believed that ihtlassu.neul locatl defense might bc high

P1ere we see What is meant by the grow-s di(leceo.s in relative Cost that the
study set out to UnCover.

i-i
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relahive to the assumed area defense, but aI downward a~dj ua;trnen~t would
worsen tire relative position of the air-retircleJ systemn Still fuirthier and so

would not change the results. It had already hcen demonstrated that thle

effectiveness of an overseas operating base systemi was likely to vary markedly

wrth the f-io_ lagiiL-uic ofeeikO ofene L-apabiiity fui exam i1le. \-hroruuh Corn-

mitments to attacks oin cour bases), whereas that of a groun1d-reCft1Ield system1

w~as relatively unaffected.
In studying canmpaigns conducted with reserves argainst both a1ir* anld

ground losses, it was assrirned I hat the losses to he exacted by thep cenemy

were those to be expected on the basis of our estimate of -his capabilities.

Even in the tests sun.. narized above, where a range of enemy eapah1ilitCs, ad
reCsultiing attrition was tried, correct anticipation Of ourF losXSe Was aIssumeIdI
Mnac case. Adjtustmernt for. the realistic uncertainties of prepa-.ring for a

caimpaign agajnist adunciney about whom wt: had irnpcrf~cc intelligece1C W01.1l
worsnCI Urrthcr the s~ituation of all systems which showed a large~ diffetence

bet-ween rese .d operating costs, for it co idd no longer be assumned that

precisely the correct reserves could be stocked. lt was stressed that this would.
Ine an adjustilieriA for the gaps in our intelligence about future attrition rather

tlr n for drflecrnces in attrition itself. fire 3.18 ]artates the differing

I WOn Eveni capjiitiiics'". thm ri. d

hiil-lu iim -'hc tho eIr v

I ili tL.lf tc ic iic*,L[c

moo

($,4 bilonI-Iý'A

dcgruda-,tiolkc illi the lwrecrital- of tairgets destroyed by each of the syst'err-is if

they a~llI prepa ici for a specific. unieniV oliensivc! capabiility (the same isthe

One aSsrlired in the Tight half' of Fill. 3.1.7), bUt if enem11yC, capa NY itutrn(td

oLut in faci to Inc difierent from our expectations.



The preferred system -that is, the ground-reft eled systcnv---was shown to
be more feasible th an the -air-refUeled system, whiich, to dcstr*ýCly the same
target, systemi, in1vol-vtd miore bomibers, many mnore tankers (as high ats 1700

KB-36 type-), more U1S. bases, and miore constrLCtionl money thanr was1
programmed. 'ile prcferred system reqUired rouighly the number of bornbcrs
programmed and somewhat fcwe:r tankiets. Tile overseas refueling bases
aIssumed us-ed tile stite., programmeid : and t hese were easier to obtain and to
kQ.Co excIlusivelVy for refucling usc than for operational use. The im~proved 7
overseas operating baso system- rcquircd operathig bases in manly areas not
scheduled for this purpn~c. It also involved at gi eat many morte bo-mblers than

the ground-refueled system.

3.. 14 iIXFD BUDGETr tAMPtAfi~NS

Tihe comparisons shown thlls far in this rccapitulation-were made in terms

of flcjite etive ýkS fut aijet itative ,,y,*tu111b tv dk) OIL; Soitt fu ju lt otlutget
destruLction. The study used the reverse criterion anld compared systems,

having identical bttdgets, with respect to the relative number of targets they
rwold tesitboy. Thle difference1Ls shown were then drastically increased. Thisi

Was due to fhe effect of saturation onl enemy defenses: Systemis that could
allocate at large proportion of their budget 6t) buying bombers ;vi excess of
tiiv mit intnini 11t ede I for sut uration obu;tai ned mtore th~an the propor-t io(tt l
benc its inl increasced targets1 killet . Fil e intercontinental air.- refueled system

had to spend most of' its bud~get ity procure noneon iF at elemlents, namely the
tankers. the tverseas trpertting base sySteol had to speurid tUItie of' i tS Wlttily

on logistic su-npirt, icetive ind lpassivc dc: ertse, and purchase of bomlbers
which were killed onl the fground. '[ho intermnediate systeml spenit monley onl

all of these.
tHe characteristic differences itl allocation of fumids bectween conihaL and1(

noncombot elements were- respon1Sible for, sMiuC Of the rather sltrpkisirg dil-
fereniccs ill the tille developtoents of the cailpaigils'.

3.15 ~ [A~ii I I11V ANOt A N1IAI;N i I M 1

Bnhn 4rr~i I Lrpipe t ; :td t kitrotic fa istance-s were showsn to'
ihave lower sortie rates titan thoise otpetafed froit at vaneed baises. in the case

Ofa greLnod--refueled system, this did not i neto a .1 mger campaign than ft r

ani over-seas-based systemn. In both the oversca-; oprain es anld air--refueled

systems, thle strike rate, ':ogI ta[ctic: tiF itiddilg hnut1efr; j3 reset y, a
lim1ited bly Rthe .01wroti ng support fto)rce (available tank-rs in one case, and

oversevas operating bases, logi.stic supporl, and active decfense in tile other).
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To incrase the support force to the point where all the available bombrs
could be sortied in onc strike would be extren&i~ly expensive. For the grouind-
refeledCC system the extra cost of providing sulpport for thi entire force was

calculated to be moderate. Inexpjeusivte extra SLIOPOlt Would increase theI
potential strike: rate Qf the11 grou~nd-rC'LefueLed SYSwiU and pcinuil it to finish a
campaig-n not only af lower Cost, [Iit als in it 1-.iiqt n'ý 0ort atn

other systemn. InI short, a ground-refueled systemn had a marked advaintage

in flexibility of strike size, rate ot strike, and] proportion oif the target s~ysteim
attacecd: (ft also had greater ftcxibiiitv in choice of route arnd in choice of

The overseas operating basg6 systems had an advi~tiagc in 10hiartr mission

time, which, it seemed, would permit more frequentx sorties per bomber. T he
study pointed out that several points should be observed. First, the imiportance
of high softie rates fdr a World War lItI atomnic campajign against industrial
targets wvould be much less than for camipaigns, with high explosives, of the
World War 11 type, iii which daminag hadulto be admiihistered cumulatively,

a little at a t 'ime, Lind from which recuperation was relativvli ra phi. (This

diminished significance was implicit in the Air Fore's desire for, an inter-

continental mission capability.) Second, the propottiotuil incicase in sortie
rate with decre-asing, r.-isSion distance was qualified by !I Ampntr (if (diffir.ultios,
most iimportant of which was the effect of enemly Altack- on .11i.r sottic
capabilities. This, in fat, could reverse the acapparent advantaige. Finally,
however, even if we assumed the sortie rates of individual bomlbers oin over-

seas operating bases to be twice those of' similar horiibrs based in the zi,

the campaigns showed that the zi-baised groundl-relueled system couild achieve

at higher rate of'dcstruction for a fixed luadget. The csscntiol reason for. this

blad been indicated: .An overseas operating base systemi could not spenid

enough of its budget to buy bombers with thle hypuithetieal~y high sortie rates.

It ha.,d to alloc-iateI i budget to logistic support, defe.nses, and bombers, many

of whiuh were likeclý, to be killed onl the ground. before sortieing at all.

3.16. OPERATING ovrtRSEAS Ai-rvv, TInn ('OnN'YrintORU _:AWAI(71,-

The nalsis l iated clearly hlow increasing RISSianl atomi- npblt

made overseas operation of the strategic force unacccptably risky.. What -of

0he possibility. of strategic operation after the destruction of the en cmiy puir

force? The likely difflICu~ltics in coiidttcti ~g'a sueceSItLcnite CO1Cforce Cai tipait;in

against, the Russian stratkgic force wvere su~ggested by tile fealSibility Of at

S11CccSSfUl defense Of our own SAC. Ru~ssian bombers might be. b1o tie-hasod
deep within their radar network, with plenty of. warning to permit evacuation.

Nothr -eipheral bases might be- used for' staging only, and( critical fae~il-

ities nriialht he hardened to make a base ~cni al carrpaign ditlicrilt. T,'he enemly
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might use a large rmmeber of alternaite bases ;n an emergency. ,, rthernmoe

the campaign required to make coiithiiuot;'. occupancy of tile owv(,sCas bases

safe would he much more extensive than that which wa~s"generally then

understood by the designation counterforce, that is, a mission to blunt the

Russian attack against the zi. Since a large fiaction of these bases were
within ]L-28 radius and even one-way MiG range, nothing far short of the

destruction of the entire Russian air force was required. Finally, we had a

disadvantage not suffered by the Russians in that we would have relatively

incomplete information as to tile location and function of their various air

bases. For such reasons, by the time the destruction of Russian aton-,ic-
delivery capability had advanced to any suhstantial degree, the major industrial

targets, which are much softer, woult have been destroyed. (This is indicated

by the results of several joint industrial counterforcc campaigtns which were

tried.) The pait of ouw foi'ce that is unattrited at that point could be expected

to be substantially less than the total force, and. most imiportant, our

principal atomic strategic job would have been done by the time it was safe '

to move overseas to operate.

3.17. LIMITATIONS ANU) F!.EXIP'.ITY

The results presented here have been derived from campfaign comparisons

in which many elements were varied and some were fixed. The study analyzed,

in the context of campaign, 'only the programmed bombeis. in most of the

campaign analyses, only one larget system was used ;i Rirssian industrial-

target complex. It. is natural to ask whethei the demonstrated superiority of

a grouind-iefueled home-based system would be confirmed by additional

analyses in which these other fixed elements were also varied realistically. The

composition of our potential ,ombin. force was seen. as inerreaingly variable

when later time periods were considered. And although Russian industry

would be the most fainiliar target postulated for otr stratcgic .force, it

would not be the only objective: long-range interdiction and the destruction

of the ftirssian long-range air force would le other piomiuincut objectives.

iAguminst long-rangi" iiterdiction targets, the ri-i-sca_• operating base sytcnr,

showed an advantage iii cootdinating the bombing schedule with rapidly

changing requilements lot retardation. And, even for industry'lbombing, the

analysis indicated there were circumstances in which these systeuin would

apipear ii it more favorable light. Ionie of the dilliculfies in achieving our

counterrair objectives had been suggested. Nonetheless, if the Soviet atomic-

delivery capability could be destroyed (although. it seemed doubtful that thi:i

could he done before the completion of the major part of the attack on the

industrial target system), or if it shoUtdt.. turn out to. be much smaller than

N;I'
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exeted, then, once this waIS k.nowii with confidence, overseas operatingI

bases could bie more favorably regarded for industry bombhing.

11owever, one of tile inerits ot the recommnnitded systemt was its adaptiP' ility:
If future conditions warranted the expenditure of timei and mioney, rfe
hases, vojib he converted to lopvrating hases and0 might bie combined with ai

certain number of ovcrselis operating bases used in connection wYith rctiqr 11,

tion targets,"'. Simiilarly, thle ground..refueled systerr mcould per-mit the economicV

use of penetration lighters. 't his woul~d hardly -be feasible for the aiir-refue~led

eawe consid ered. And for high-performance bombl er!s, the ground-reCfuled 1L
systemi would. provide sgreat flexibility ini the choice. of routesý, spe eds, and
:dtitudes of penetration, ant. would mnake possible the large payloads ta

mnight be demnifleuc in conniection with the, advent of -bomnbs. *
ThP analysis indicated that a growing Russianl defens~e had, forced Lis t(;

give lungrangebombrs. for high performance bombher~s. At the samec

timec, an increasing Russian offensivc power wouldL com1pel u s to keep atsI

mnuch as we could of thle vulnerable* nart of our strategic~ conjpicx a long

distance from thle enemy's b)orders. A system for basing our bomibers at

hiome witihin the cover of our radar neciwork and] for extending radius to

target by mecans of dispersed oveisea.- refueling stations appeared to be

impwortant for a large-_ part of our s;traitegic task, and to be capable of cornl-
binatioll With Mcthods Suited to econiplish the rest.

Thi~s study, originally conce:Ivyed as a logistics execl-ise, becamne inl the end

* a study of U.S. strategic deterret-i policy ". After appraisal by aiid ad lim Air,

Staff ( iroup, the principal recomnmendation of the first part of the sItidy- -ito

* reduce. SAC Vullnerability by cutting~ sharply the number of fuinctions performed

at ove-rseas bases and thus the timi, during which the force was exposed on

tltes, a'.L---4ea Aii l Force poicy in a short timc- Tbhis was; mnerely the

beginning, for io addition to work' oni protective cornst ruction aiid ba'se

h Irlting 'lu~he sfiidy stimulated research -)n a hoiob-ahlarm system, ant airboroce

*alcrt ct aid boug-cud jurance airrat

.1 ,o''igifcnc t step ill the dcvulopnici of RANO's aipproach to probcleuns, thois

study did riot appear asg "analytical'' asi our prerviouis siystcjils analyses. No

complicuated mnathemnatical nodelI feiýt~lniiig aii astronomically large .xuui nber of

nv'ihine conmputationis was iuPvol ved; 11uor waS anly mo1deri operations re~search

I As part of the investigaitio)n, the study showeud that the construcetioin curreni-tly

underway for- the th~en progrt~mmed overseas based system could be adapted widioui
expeiusivu changes to a refueling-base system.

"ccSe Chapter 7, Sectio-n 7.6.
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techniqaie such as linear pruc-giammning used. Indeed, no attcnmpt to deternnine

at sharp) opfimumi was miade-; rather tile ohbjective was in.,cnsii~viiy finding

a svstcmi that would work well in miany widely divergent Situations and even
peIrfoun reasonably satisfactorily in -a major c-ataitrophow. Our efforts to

convince the. Air Force that the study reconmmendations should bc imple.
mcnIt rnd on thn la:i nai~ssaine.O o-lc-alig the,

relevance of the many factors and contingenci es affecting the problemni s

inore iniporiant than sophiisticL-ted analytic technIiques. A good -uew idea- -
technical- opcrational. orI what have You -- is worth a thousand cl;ihuoratu,
evaluations.

As I'LI: as I know, this was the first stuldy to raise as a niaj~or issUe tMe

question of the vulnerability of s ia, the world's inciost powerful force'. indicaring

that in the 1 955_1 960) period it inglit he crippled by an cherAIi sir prisc

attack. The study. considered miany ways to confroat this possibility, and later-

disc ussions, suggested others to the Air Force12 . As' a result, the necrssar}

baixs ,iec misslopesad. tom prole 0 Acte agins theIe wain treoaluofatedaf 'mid

Faiesti mieries adopte tow protec oSA agtains thewe join treat of atircrftan

Pre~sent-day critics believe that the results of this study should have been

obvious before it q1tailedl and that no elaborate analysis was required. They

maintain that it is, abIsurdL not Lu tak- every reasonable mz. asurc to protect:

one's offensive fot cc, particuflarly when one assumnes. that the enemny will
stiethe first blow; tha it is qualy bsud : jet fuel by air- ini

waiftirne, when it can he inexpcnsively mioved by water in thrna of' peace and

sttired where It is likely to be needed. Nevertheless, these -absurdities" were

Pot obyioiis at the timec and did not becomeI obviouIS Until at uuin her of' years

after the study'.

12Some 92. briefings were given and a special Top Seer~t report prepared.
12For an opinion of the etfect of. this study on national scurIIity poliCy,-s;ee

1B. L. R. SImith. "Strategic Expertise an id National Security Policy: A C:7asP Stimdy",
Pul~ic Polic v, MITI, X'11ebook of Ila:' Graduiate School of Public Administration
of Harvard University, 1964.
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S~st"Is an i vi s anl approach, a1 way of looking at a problevn. Nd athemtat-
tealtechiq Cs or conIot in machinery may or 1111.y Tnot he necessary, or even

U- , [I iik II -iiO , mral alIi ILCo! aippnnr tin ypaper; stratight hard thinking'

mayl~ Sollce. lint, ill Common10i with all ant alysws of choicc under uncertainty',

wvhether elaborate or not, certain~r elements arc present. These clenmciits- -the I
o/ijec//o orf o/jcive' n tile aihernztives or nieans of accomplishini- these objee-.

tives, the (..,Ws5 o, 1,111..11 th it IIIoist he given LIP In order to obtain eaich of' the

aterniitives, i 'the lidlt ol r icscinptioi and othe' relat'ionsip bytwhieh tohoose-

aclteratives.all wathe nicy Ior lps desCst adcripto of thee atinhp betweenh to he wi
the preferred lkIOI lime i eai in every analysis designed toinlec

ply.They are fi-equctntly difficult to choose or to formul, ate- explicitly.

*Alh.1L'.. crii';rio and costs are die sob jectsý of Ch'lapters 4, 5, anid.6, respec-c

tively. Altrilv~ and abetv., r re;td Ip hapter 7, which cinphasizes

that the iliscovcrxv and isolation of feasible alternatives and the determ-ination

of objectives ire toolanmenltail to the solution of any problem of' choice.

Al though this hodk is writteni for- th ose who use sysetems atnalyses toil not

for those who producle stoch analy'scs, th e to~le r mnay protit by an oxpL ination

of' thle Iletlmod Olihi pr1OCedOres of thec litter, as described i)ji ( 'h;intr 8

65
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Theý Unite p Soviet Ulln" hodd,,i al illv whtich [I, cplto hitiieýO

Id : iflpaieit by nleaiml. ii an eklaborate war11 caine. imt'on of I he c Iele

anI opciratiit~is ,nI\ hor one O~f the \,(,IvIcceý \ was lyrielin'"' tile L'NI'r-ie Sl;li l oflil"
serviee-whenl tile sCiliol ollicir Wkcd how solrw ln tiflr 11;n! hcn vaiijtu Nexk

11iC ailvst ,'lidiciid his,
thel1),lT hV~stn wa ivi ioe have iý !]I(-,( Y 1

1 h

Ilel; ~ttii thlis isi& iModel- aioU ti1 OLI [Wiion~O thlte \Vllat..

tilic aial''t ial, h hi,, airVcrr anid wihy hie Shorlddl II ix [heci throwNA oi[ IfoM

Hofloe M4'itr.; o oind zi definitionl Of al ImoIdel. ICI US lirst look ait xi c\miilfe.

I lere i.) tile wfill) whinch stescostL -were coitptited in a mili0cf

C~lsept.ts"fktl is Ioiltli- neC'ut iv.'

()I therwise:.

Dot tile tICitnit1'C lii t WC "-Iltl finld MOSt inoitIII oit1. lC Le 1 I tjr o seii

uU~itites ti i :nerrl~iiosare srieiiec otut bthes I etfC LJIlations'. IteW'e thill

lillti ithlOP gruMIVC lust, w haeh Ouitpnt of' tihe miodfel. U. which is Hthe

.,v1tcIIteoswt ("lit- dololar' cost (if the sitee stin usd totisro' isribeif

fraiCtionl ot. 1tue enemy11 tart'"t octmt. Next wet havetie n it tihe 1IiIl~it'e' ti1;ii

decscribe the stratetgic systeni (tihe wiiSJles :11)( hjsind. ill thli,, cootw and tlie

CeIvi 01i11ii lit Ill Whichf tIime¾, te1 'il]I liVL(.

'The mnotci ildin t 01 uxie eiiiii prcsXciittf In iAppcnidis Bt.



RI groitiiii Icli;iluilit'. the hlaitjolI 0 Wilicd\ illisslileMIM xvitch aciill

I. air~ Icid:lli~i(vjlt fl'taction l Oflli'sHlcsactiiWillv tired thatl d10 1101 1ic1W

~', j cost coohlicienits (votichlv ileai i tie eost pj'r 11issu firedt and

A a loirealc oft the ciiciov Mlet'ise sthcnitl1 ;W-i &itthv; OtllC
VI nlcrI hi I lIv,

7I' thle total number o[' ia~t,,i thc takrg(lt ss~

~'thc cxticted tiulilir ot tilts pcwtr't I'''' MA t po o the reatiircc

conl~ideiree thil 111C desTied fracI(tiOii Of tlilUse tu irckt ilas beenl

diesro,,

III sounic Ciascs thcseC simniple s~linhols ýZlcll rcprecscitit ''')Ill lieN seCt ot 1ylae IaIc

varuables for C'voutnplC. d(- ,tie edS. .111iione- 011101' t Ou.(n 0heC iiii)c fUctiIncd

to repeilt a itRQ "; to" (q an d-epends Ilpill theI l' dh ;[iill N cid oif' the wailucat;1. I
Thlird. we 1ave thefll (11tlLttiiiuilal viilhs hus liiit licI, dlo not

Whlich (lie sy~teilt is opctatetl ill theC cain paipt i-. Wke I 1ve

ii 11Lie i1iiinhiei ol, isiles"c niadc ic 01 iiil! (ni 11 CAii cacti slve

A theC hu11;11iit l;i 1 a tle\l\'Id \%itluic,hd \\ill destros tilt tilrgct.I

'I his jueliclistics tit- trgt climictcriitics, thc wcatull viehid iatl 0iC

guidilhilcc iccltcCI';i1 (t hititilig ailiotler iuiodcl!)

'In dll, and ,wtiicvhiit kkiricdciutid\llv.icrc aie Ivv (1' pija iic '; 'i.O nl iodtl
dot! VC t'~i it ;U '410 s 111-v011iS, ill tho Scusc that they\ cotuld, liercphlccd b CIi''qli

li ii xprssiI~siuvls 1110th inpu)Lts itlid"Ope iationhal viariabies. Nevertheless.

it 5 iolflvcflicflt toI cshlihit thtcml cxphiciflv. am1d weu have\

lith' proabiity l ;t a iisileý msiirxiv to tis ttiret. "

Ill (lie real WLorld Itol values1 0d the'-aC o'I'lrait ioiil -\:i':tte Iii'- llc t6iIsIIiii thatl

ii I irg rt, iced -not tic miade iiiiw While wev ale' (I~dcculiglhietiliii es4

.ii(o17 in) ',ullit mi ohiii sttit,11cstIi5l oh d~wos eltitl l~ i ItOidiv!

%a\t. 'I iseieasif with, illkiisteat het m'1ic t~~, Iii iiiitil liessetii :iI~iiill\k c

ill itcer. lhe tIlodch lutist i !ikc it',( aeC001nt1 hi' imieaoiitioii x.iriablies, lorirhe

2 in Ap~pemndix B. TI t100.

fi A~Iripendx liti 4 2.

.;4
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-iyeoi s fraIN 11 ,Y reIC-ue1- difl'eierr opriion'rlk lr~tls ill or'der tor' each to
dI'a It bes prorn-iance. Ihti Ii.We m111't C0ttiiipai'111 t CIe f()[ 1ot rirace

NVarioULS Sy'stems! When Cich. Is operated ii its opt imum nmimiler.
We shall consider ma model to bc a hlack 'ho,( into which we feed irqlrts

(re liahilitieS, defenISC strctiethsr. etc.t mid ont oft which wec get 'omrtp'It-the

S)ySterlIS Cost inl our11 missil selection eXam lple. 'I model 'is it delberatelyI
simlifed i'lu ';f a picecof thec reial world; from its output we seek eLIdikInCC

foi soniP decision prohlern in tile reail world.
Ini the ixmleaovte model e'3rIsistrif ) ft a set oif eji rat otis. Tbhis i; not* 1always the casec. Ili othier instances the mrodel e it finlte lorm of I .collectioni

of flow charts and contputer codes. Ther e areC Still Other possdbilities, btut lief~orc
*look in rint them let w'; consider soneic lb in s that, ch'tark-izute ic. ~ process4 of
*bnlildirie aL Model Of avSOrt.

Whun we say thatf in a nal\'st ltrid kIs aMiodel Of aj part of tile, real world.
we 1val Ia that

I Ic11 decides wVhichl factors are relevant to the questions his study is atteliptirig

2. 1Fronm thcs lie picks thle q traiItiliable factors- those thmat Carl lhe iLICsri bed

3. TIhis list is cut down to size byv aggregationr.

.14. 'I'1w relations he(twecri tire elemternts an: spullcdf oat qulni~titmitcisl.I

tin" activity Is' ini jxrt whzit anyone dfoes wvho thinks abiout a plrei.(W':
have been1 speatking prose all1 our11 Ii\CS witl~iut realizirie it.) The otnodel hirilder 1
mierely does thlese thIinigs expl icitly' and Iu antiltativcl Ir--is irssi irriptiolns hi i0 or it
on the tiahle for rriy man~ 1o irisjhcci aund criticiz'e..

L et us look at[ each of the. four parts of 61ir dn- Mlitiol of' r10IoCI lelbildinlg.

4.1: t)i1:(.iirIN(, NyIrMi1 O:Ar M'iRS AREr Ri I-VAN

Ta-ke a rmissile selection study as an egumiple. We miight begin byv trying t6I
dra1w uIP a list.of all tile enrenltS ini thle situation that mighi lt lie rele va it to our

probleiii. Later we im ay discard sonmc Of t hese onl the gtroun ds that thuy dto noit
really matter after all. But at thle hegil ~ii niig we Cani try to he fa;Irly inich tsrv

Our list will probiably ho(gin as a chaotic miishnitash: tire g id arice for Soviet
anntirnissilermissiles; new base coristrLICtioi arid irannring for sortie Of thre ulferse
f;y~tcns; future wcaltp't technology; the gcogrh':phic diStrihutinni~ Oh tIretr C '

systerr; physical vulrteraibility. the likely- strenigth of defense, and pre-sti ike
reconnaissance requiremients of thc~targetS; and SO,' on. Earch 6f these itcm.rnis ear
in. ti-rni ire expanded into many subitetis, OLur list is long and probably euritairns
s onc irrelevant iteris that will -riot inhlluenyc ouir choice of weapon system. \Ye

J1

pt
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hook for thiese irrelevant ilenis jkin week! thuem (lit if we canl ricoogilize thil ien t
this st~uge. nilotll~tl.ieitheir decckionomakier iiOr amfvI I i;I know wh~ich

factors are, thle cr-itical oneS 1_1161til te aMNalsis 1; lillistledi. III falct, ole iIIIpOI-talis

futnction of the ut1~ilysýis miax' be cxalctly this: to ,;fow- which factors are tmlportaoti

aitild Which haýve little effect,. .

As a simall (2 xannplc ofhis, consider one detail wvhichl a ppcars frequentmtly inI

mlissi leaircraft. collnpiarsons). 'To estimate the Systems coSt Ito deStroV Somic
fraction Of thle totall I atherbL of' 1target•;, thle targetS a~re 01 tel 155111l iýt to beI Of
eqltoi value. TaIrgets inl thle ICal worldI, OF Con u ýireae not nt -equnal Value. I Iow-

i~cr a lli. iithe tMI ecC Vau(-ý attrn .~liss mcasur-ed. sos', by lie
calpital luvestinent rktireseneikl hy, each. tmay he ,,hfown inl the particu-lar moodel

hemi., tIn. d nlot to affect thle S%.StenIS' coSt or t1 l 'JIecs oi. C011 riso;n significant iy.

4.2. S[At I( I NG, QIlIAN Ill ].\If I.! AI'mltos

For mldllV of thle factors oil ()011- list. we catn Iilint 11111 hrs: for somO of them

We can1 L'VCil bild Lood IMnln7CI-S. lInt for7 S01' 1 ,eof thle prohiem, numbers
Will jU~ 111t Co Xist. Ill tile study ýof dete rren ce. Ifor exampllte, what effects wvill the
locatioul ofi ~n Svl.,A~ -itest lriýLoo ~Wqprcas ba-e liv~nnthe stab itits' of- Our

pIOliticaIl ilIili:1Cne O r Vice ver'sa. h1ow dot political considerations hear upon tho
tesl;IblttA Of VariouIs hase iocal ionls? £Vhia iS thle probabflity of thle loss oIf sonic

or- a;lt of our oversoeas ba~se riLcItus thrli-oigi aI change ill political atignilitent orI

thblnrbm1h atililiC blNAk nloil 2) Ebc ;j;Ii-lll'i voV tva that11 thlese ai~l( :i5O'l'ts Of* tile
p~rObleI thAt ieC will l ot lbe able1 to CjIaKiitity.

We beganlb sN. _,ý~lyg that We Win~li thlOrW out Of ourlI COns~idflerions alt1 the
rei-levalit azctors -alt (or almost ;Ill) ttIC tin thai WoUll not1 ;illeel otir

LtCCisioziv, NO%\ we iee illat we mus.1ýt alSo lelse 01.1 ofl tile 1model someC elementIS
that mlay 'he reli;vaii~t, that Imay hio essenltiat for- ourI prO11teni. theseC factorS are'
omlittedL F01 eiIther Oikil of two reaýýSOnS:

thle fatiure ol the beastl Ot.b 's' e ndl lot. Hioted to) iliiiiericad oleasum lcs. or

tile I'lliliteil knlowled(Ige Cand ai~lity (0 thet 21-milVy~t -wh'lo is. .1not, altcr alt, as

* (lnlii'~ei~ 05 lla 11111 1polit i las suggest.

Wk: have ilieilitloiiei tdiLt it mlay bet- dillICHIlt to tic iiiiiiiliCrS to tle polIitieS Of
bas k:qMitOii. Finc COICIlYS N itICjjlII tu k jljý ýhift in dC1 i.;1., v 'aol i'aln! tact;

as wVc change our olleunse Nvehicles, nay be quimtitliabic ill principle, hill a

10. millifrohbteIll ~ ~ilt lijciic- illIe( tkt islti~ co[isst'd o'erI ill 5,ilefiee. miseil

foki, and timei phas~ing Illay hie lfl. iiut ofI thne iiiodol b-ecause of the crmta

tionnal difficult ics, they iimtroiluce...

Thul riaiy-'t whoi 1,ii :o-ioe (-CniteiitS froii hiS 11(iIse Oil tliatLilt-tha

'c Appendix Ht.
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th ICet Ilt l)iri ci theiL. 1, diN 'I tk ;N i C l I '.. \ t I I\ )L j ii', t hI Q[\ S toilt th\t heu" In -I

111CO"UritINIC ~ ~ ~ N ihit il ,11I~I~t)C to LO 15111 Utl If tIiN IXtHIN_ Insi \CHieti \ 11 m Cniot

'till Fir tii1iC It) l~iNi tile CtON tt ulp iiitt oli thitti si'thilit . Ii i Il ilctlitil

;I \Ihiict\ itl tis'liitlttilit ;ihtllt tite le')'. oIou l .tNtiCwi itss

I hom~' c~cicii'III titlitIýt! Itl'ih ttt cl elotl taileso e 1' - C I t~iIN r1itCtI thle%' tit

inctiuls tilet aseti it a t~ivttiuit patwitrtiiii ItiL' init~ik'd Vol I awl ( uuiis~irt'u
it'in. \\ lheun Itttir I irt' We Ituls m c~ad W ,. tt'si it'inusei In ourtt nutt'ttit

ttIft IL\ tO kil.itiN QlttuIiiNI~iiis anid ir2c(liuit'uktiti nti ,i'. oft M5i~ie sue I"'cifilI tilt

uti tO HP~'t.- I lull St' skill Were Ni' I i 11-11 Nnti lutii ii itt iii LI 1:1 ii" it i t I liedte

of hi l hi titi tltWili2 l here)III Is Our tCe IUie extiiis l s Il etilssiii' 01 Littitts

Itiiser 11)1ticets t the1ý 1ttlIeiti" that Ittuet'iI hero outuitt 1l r11iL theýIIC iti ite CcM'tst
lics: ii eh 0111l iraV I)i1 lolii,, !Il.11) IIIv.d h'tlh

* 4.3. ( lNIliNANI ;(i IIANi 111 \iM I , ý I Ii VANI I V iORS lfl A(it;RIi;iiIiNIN

I t II' ilt IN! l~lt' dii. pis t wc' h(IN is )11(: pall Id 01k. -l .t i111c mi Iiih i i Io( ' Iit mo

1W Cihitit i ,' i i dl~ f(itle t ,Ii Ui MC -miHts Ii teile trit t'ii A i ( rtutii 0 1 iA:l N1qL'iit i lets 10 lie

c ,i cd i1: ;Itr ti tI c tu h u st'i'iti Ntuttte.iie iiikit "nc~itNI iimhoMt I' lt.it ut' li
tiC t i tuil tIII" "i Ilets ) tti( il[4't. IW 'O III 1i1e1s i11itlit. inisue Wilils 55' Lhoi liilt

I'~ t , ki Ni c IalIc. te ~l-s ' q- It t c j irti ic . .xhiul [ u.t I ." 1,:I c 1'~ 8: ; ut' tI it") I fI It 1) rtIit

.It i~i tt L, f It\. ociI 'i ii "no It piiii pui allil t 0 111i mi- nivia t iISi I Q;Wii''~ A

hv~ itiicp tiu
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coipri-kili itistall tions, '.!n ijor equpmeinilt, lililitit cqipmeitiiii. stoeks, transpor-

ILlitti Ilpc ilstiiie. taliil taieirl,. Pot.ti\ tcadiflt tdlctt~ and ovCttICwait.

WeC nowX take 3 1onW 111in11 for-Wat i. WVC a1sk: FIo taWfr (anl WC g~o ill 0(11

proces of aggregaition, of i nipivir?ý \'irit tiec the reýally relevant costs?
Proialvtll ii e-n iiilat em.-i eiLilipolulet. ii -;,,, onl. Kiii whýit, then?0

lhtzre, k~ no1 Sirlgle( SO1ollor to [his prohlilem of dteterviliiliii the reclevaitil Costs-

m . riioe gmicwii ak the rdelant viriahies of tiny'sort fOr I he soltition depepnds

on.tilie Ust , to which tile iiioilel is to l'e poLt, oilOtt ki FICstioii8 ( to ho sKed OF theI

io thec ex--imple wo ;itr colisiter inn.! your will recai 11.1i ;lli UOsih cI C lCt~CU

to* Jnst two coefliciunts, (-j atil '11.1 The cost i'OtWR-t'ie n '(*,,ist tl" IJc co-st per

mllissile useid dill lug thle cinllipaigli. We might have tw~o e~rlaligrlgs. ill each of

whici jell[e sait t lillirtici til mussles were f:irc.d, hit Iii v itch tine i'i iipa gi~l UNCed

i.SHut Liv- 11111Aiultctic !!.IllIipt attacked on the lirst ilso -- while the other

eninlpiligca stretchcd (ilti over ýoiirc period oh. tilire. I Rcletttiiihc tirti, ill this
lde I i/Nittlll [lie Cretit, t10 Troi~ ut a liilee,1- OUt1 kilses he)t tveell salIVOS. (lanvJV, the0

dlitercent e-osts. 11hat ik, il titddtion to tuttHiat ;ire prrort oliolial to !Ihe totall
inuiiber of miss;ile,; tired dtiiiiig a eamplrligutj. there ate' costs FiatJ t etttld on1 tilte
uiiinilher. it llis-sites made recattv tor each saivo; this; cost per m1iss~cilemade le:ttv

tor a sAmv in doundet ini Owe nllidl ittovi It ( 1.

Anidt, timiitlv. there ;iie "ovvill~jI- CO'J eo hsit- (ICIfItld l~it'ther Ott tile- tOtal

:osts, %Notirld ineliiile tuil` extiletl. a Ion I-akt -tiitc tf the ;ttpetnp etosts oI thS

pcrill it P ottill Flo c slýrti ~ iiuo llll01 i, W id M)

i0il. '1Ilki otlVOh(,lldt ciist NVait loot ftel icll tilthe iliodiel ttthivtc ltcttri'.t tli-,

11tisnlipit~ii was titutlicitly malto that it wonild &e esseittially the stinie ;ir tile

ci llipettiizsn tiis

NOtlee wlticie we lie. WruFiv iMV pluceiFkk(( t1lC ii yil-Or :1t tetl:.i thati

treilclunl'ausls iiititiilttttt aitid e(Imiltly tlrorltv f;lirt it it udetlilýi ill wtt(is- t,,t. a.1;i

itel ~e.[A- i InVOitlvtig listf threeC nlin~hels: dIie tot~ls:ei V'tlis1 c(ý0[ilst (Iltte

to in hIt enifcilts (/, tiid (1~ We Ilwv kiiiiild, N~ke ilktC, 111 ]Lei.twsa it

10flittis inld we FitV0 ttilt 1 iii0oMlel tilit. c~istlim t F- mrii 111,

ii coorse., i hate niiei e itec- t S titlin toe( ptlr Ill', OfIIiillgi, O liltP l ii it ti e itlý t11icl

simpijler thttn it it-iFly is., 10 tdelteiililIll(. the l eiCN-i-tii-~. itt il '5s"tIii

I ileilic'-iiliqtie~ tic i ttelits. IhFris-; ptjjittl:HImlrlis lili li i'i W I'H k irtC 1titte lIptili~g It)

i-tiitcurt', for :i protjc Itit~cti ilot the titiie. 1(o COSI thefue t)Piliotisl~
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aSxle'in 0Imt hais not yeat operated is !lot aj(,)I for eiterF thle u iilIfried1112- or for

the t ifIIIitl . 1 fiicjt, tho Ocnstilwc c\-wrt ie more haxwardotis lif- MThI ,,;eV. sy

the niiixxlc x e k'pt itWho` has nievely to cstiI) ilte, Wilih the ai'd of a verv CIL)oUdy

crystial ball), the reliabhlity, acecuracy, and 6ther characteristics ol his missiles.
13D~th Ditel AIItSt ý,O OUT, Ol , tiiii~i, but the costing expert know'~ th 1at life ma,,

wel prve ix sti ttx ii rror long before it confronts his miissiles collean"tie

(if ever it does) with the evidence of his fallibility.

4.4. UliAN F rItNh 1i-i A'11(iiNS Fl rxi i-lINuNtI httereeatfitr

l avin Com coni sonlic t-nitative coneclusionsai owa ie eeatfilr

arc, we nittst now do somec think in niabout the va v in wvhich. these various
velements Interact. l 0i somle case.S the6 effect of aI factor UpIon otir Co1ielisioiiS is I
ftirlv evidetit. hut ill mlany C!Iuses the inlterreclatitins betwecn factors are not

sun iple and thle eflfectS are Mit obVious. I his doe~s iiot meanm that anialy si.x m akes

Hiulaitilitl on n11ccesstiiry. On the contrary, we imuist intuit our wvit through the

prohilcil lisilli' analysis to makev (nil resuilts ilrecise. to shlarpen (our iuitiiition,
and. occasionally, to Show LIS thalt O1ff ilntaiti(dn is 'ta1llihi.

If' We relaIx the ICCura-iCY reCjiUIrcd Of a mIis sile, tha~t iS, in121crase the allowed

Circuilar Probable Error, one effect: is to iiicl(IS ease the totl Cost Of dloinlg a gýiVen

job. Ithik iticreused Cost may he paid inl dollars oi- inl fissile_ material or bothI. We
could Send decoys aln o xlcictl the piolliubility that tile b-0mb1ing miiussile

IcaIche': 11he tar!'et anld tllLis) iuuk tiji- for the lowii'u pi~lioliilitv that, a 'dclix cI ed

warhecad dest rcys the target (recncunhev thait we arc now dealing \%'itli I lcss

accurate; IISiICussilcuidanIce sVsieuiu. Alte unatively, We eoo~ld attack !he taIe again

oui at later salvo. if' the guidance errors resutit iii ; iiiss oil thc first sailvo Or, we,

COI~LId ini-Cr[Ca the yield Of the warhea1Cd.
\A/ eanIill!o Saxy how imlportarit the direct ethl'A of' lower ICCLIIraCV onl iiicrcusedM

cost iS Until We have UStinatild1 iS TIs ngn itnile. SuppoI0se Wxe aJcfcept aitis 11ISc ivit Ii

W! t0lt) It1 ;;, its; espcct'1 Inlis d~i'.Ouli1( iilsteadi -'' du'wiiudiiie 5titi ft. wh~ich of

the three wax;ivs just mentiioned of making tipl for the lower aceiu ~llay I', ClUieJupcs?

flo iiiWicli does eCilh co't inl hallairs, iii lissie iiiatcrial? Aunti, what soil ol tralc

lietwceui hissilc utittiiial and dollairs is iimplied lore'?

11 the direct elleet of ;Ies:ciit m-iissile gutlidatuice sst,,eil' i:. to iuicrciu'.c
costs ibr i,ý nn indili'v i effisri ih:ii III;,\ work ilijl tv flie oppoost diicctioii.

A ls,, accuraItc guidaiucc svstctit i11;iv 1iucanl a suumpler. s)ytclil, aold aI siuuuler

r)sciiu veiv likcly to, lhe a iiore reliable, oile. A nuomniit ago we wavle tridin ,

glildiwee etC1ir YfFor 1liss,1e uuateiia inII itotlars. Now xx'm s,,tatnidilttiec error,

,uiiT'!;i .,,... tV ni' Ia also he ojesof barter.. jiucrciasid relivihilitv uiieano lower

'a im 
1

' e itlier iidll '611rs-t or fis,-ilici aic or holm.t An li rex in Met abilitv

plays intieb the salu)(e r-ile as .i deecrase iii ccivmy &leftuises. 'The reliability

increaem way lbe eveni a hii tmoo deSirabe111. ilr the iiissile that~ goes, ash iav and
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attaciss the'North Vole has not even exercisedj the d'fciitscs. A second cl~eeL of
si niplicity "is that dwvelopmvent tune may be dit'rt'',st't I; the simpler and more
reliable butL less accurlite system m-ay be availahlu somne years before. its more
complelX counterpart. We find ourselves trading not only dollars and fissile
material, but timle as well, What ale flte rates of exchange and ame they

favorable? These aiv y ttesi ons that will be7 dilbli tilt ine 1 taSWvCr-, eNT1i Aith
analysis, and alm ost imipossibile. it we rely only onl intuition and uinbuttonled

I ~t uIS exam inec a second e~xam.ple- 4f tile diffiicuIties we get in~to in trying to
low 1-ni var~ous facutor. areo iclated. Chaider as!aeicanie -on-

sisting of a series of identical Salvos, in each of which thle Salnic numbe~r of
targets is attacked, say 21). TO Ile explIicit, let uIS s inS111c that fOUr Missiles aire
sent againlst each tairget to allow for reliability falilures, attrition due to enemyi

defenses an7udacorw If', niow, we increase the numb111el Of targets alttackeCd
Onl each salvo, then ";everal things happenI. I h(- total nuLmber of salvos, and thius
thy', length of the campaign, decreases. The numvber of missiles engaging tile
deleTNCSs on1 a Sallvo inreauses. these defenses are more nearly saturated, anId
thus the probability that a missile survives t1o reach the target is nlow greatcr.
We max', in fact, be able to economize on our four inissiles per tai 14et, 'Ithe Iotal
number of missiles Used in the' camp1aign to destroy a gi veii targect SVsxeil m ay

decrecase, anld we hauve t hcp a corresj ondiug'l dcel:,Case inl the total cost am:;
me1(asured in dollars and lissilte inierial.

Itll'. 1 h oltilam. to [ttitmcl 1J grltter iTiiiiier of oinksiles on eahsalvoI

calls fol- inure launchers and -thus, for Increased support anld logiStic coNSt.

Whecther orI not these overbalaitd the dfecreaised cost ot iniYIS iles ad warheaC.ds
miedl is ilot obiviouls. We started by conlsidicriimg a change~ ill only (1ne. variable,

talrgets per salvo, and We nind OurFselves Ili a situition Inl Which all is IHiN
nui-inbcr of missiles per salvo, length Of campaihlgn., beCSt IJIuMber of in issile'S SetIl

toeach target. missidle cssupport cs.All *of' theseý uclineCiits are- inktl*
co~etind '.! ho min whoi canm intuit hi; i.a tiv nihili[11 this. Niftuatinil is

rare indeed.

o.1 hIi.. OIhe slcisioliiio;tker, Mi otithr wva\S ; a iijhIiy

mizolel miid uisimg it t1? help aiiallyrc a probleml..' he nialyst cano [Ill inA coll&c-
ioni ot ciiipiricit diai, or Ile can write. : "ithink piece"; bitt cvt n[ in-ti/Icl e sonic

as"pects of I be Iltodud litild lag process ;tppe;!i. 1loi twittc i,, iiiliiitt d clpirii al
data1M tinl te vet y prIOCCS' (It Chioosiiig soniC f itpcsrhiiiui disýcaitling
others iovolves liiiplicit, itsuiinmptioins as, to what isý. hitpom taut, Wh'at Co!i Jdct 1 atI0otis

are relevant, what varithles mayi be interrelated. Againi, in at "tlirq ll cc'' flie
decisioun process mlay be brok en dtt wi into stage,ýs. It t nayv he p0'iu1! 01.11ou to tile

#I
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LICCiisi miiii.iker wiljdi &lcsioiis i'iiist he wiiinl mt Cach stae.wht ;U-c h11 relevant

faclois. and Mwhat ;ire: the [ilel;. ttiltcwel.. Ilowcvei. \ýc\A eill ý152 the lter1)m idtltl

to refer to the cxplicit. quiantitative ariclN..

Ilife II dlel 1w inet wl. -,I rolurse. depenld on the11 thling heiing nmodeC'le

the art th[le :neal woild in which xvc arc toteresled. B~il thIII , islint ill. Ihere
noL) L11 sowi , Model f\r wn~ieii mid ls nte tr[ietcia i i rl

son\'0hi i voilw descit depend~s also on vhzit QLIieiOiis ire to hC alsked
ol, th1L niodol anid .vhci iechailare to1` 10 hOlv -oI1e eilai.I1Ce liv [lieý Ie 11f

li iid e.Ahrc ks no, wlivcrs~di in c i-. vvh .. ..- :il""c
It -t 1 " . A . J

I :os. ixaihici, -we lace ,n Iiitii~i :,4 m-odel- t., litth tlo~;

I et its illiistrafte this pi~int by considcrim, l studyI lmadeý hv t11C Mvartlim

(11'rpir o iRANI) cojcI2Inine:' I!V111_ SaLuCer1 SkSleivtS. 'IhiS Stuilti k' :&ont

flnnsacesMane '-In hars .11d CIPJ~a[ClICLI no1 piorieer iccoiiilamsan'Le flighit"

to theL I I nil ed Stat eS.
WhIilc the senicer is; beill- bui~lt, it flayi iep~rec, il [cti the costinig expert. oniv

-a pair of nomicihcs- I t,, ,i Il it iminher ill tile poltiiiof this jitodel and thle
iiuiiiiheiL Ofi TiMil-li')Lii51 (6f Niti:1i1:1 f (t."'Oib!irit l r~ir~ Wi l]rtItltCe it, th~lese
iltinluhcrs are the eseit-,oial rie` 1I' :!ii Ltte1leriiiniii HIle leairijleI, curllve- Witlli wich

hitilire costs Ii~la he eslliiiialcu.
Alter pit~i li toil the s,:iiieer[ i,, iliped to thle depot h.% hoit culilal tii:it,

IILratuinI . Here lihe saucer can he 'Wl1cc 0y ilrcts tofIIIIiihers--lIne~ir

1l1i11iisioii', wdt \%eklhtit losethier with tilie Irci!',1t cl~issý licaitln (,Il ii) Itic case-
I,; anmcul.). 1)e iiiuicliiiicx (t lenile'l.01d ill this e:ise. Hoe'iiierel of liec Xi
0) 1 dlc tll In i ilri'I~lt r'ates Ilii ~ins o1 weVLindlt CuNIsine cliss)iticaitioir.

offt triejiicu rvi liceii ltaiiieusIt diiiit is ii modethli. Hin. c t an rititniiwi he

htih/al isc.r a poinlt-mas.s having position and velocitv. A ,palckmncu(

oh'cct thait we- :ire heiing quite tiiiedi,ýicis eHI it \. :iii' Hot'ei 'i n ie. ýhap~c.

Iileui -i I 1al u1It thec sa;iieci [I;[i, al spa of it ) ft0 . ik color-ed hil itlt rei. miid ,I .11ihC,

I t CI ot% tI.hree. 1111,1 theseW tloiiiis i e !ittte, Ilc(.t no theilt, v i to li11ki. iii
v, c i ol his hiltitlel. I lie iitLcrrelat ion Ieeii[e .itr n). t11e itlelodd Ot

Is to ,,I tIL: iliiicr niiadlii -- ills o dr st cture til the iioilel it);ac 1 ;Ivrivn 1,% :

Iw s iiicur tow, cnteis ff eirtc atniiospbnne int becomes Lill object of

itiIti) the ;terottyrimiuinci>,i rather khaiui th ie ;istronoiiir. Whyce nonl lasit

iiiiiill wisv [ll of a poiiint -u~swe Ilow ha,;ve to dua~l with Jlalic' and dlragi

ltoct~icin-t as, v.'Vil as' velocity.
If !i\ ii Cointrol and Warniingi ietwork ol [lic Air O)eliise ( Cloimilt Itik

til Owu s iticer on its Ilaris, x';lT~inIiniidi then thu1 sý;inlccis Ilerl M yO ai r;ikl~i



OC11l3i"il[-ng arats dectermilnied h\ niater-ial. size. lorin.ý tind aspect.
If thle saILUCer 11roVes to he hlostile anld at ,I interceptor. miakes; fir incpig s [lenl

intcrc~sted inl thle twO-dil inclnsiona profilec. fueI ,l sturdC. anld Othlcr YLII nero hie I
Coll lionllel Is

And Iiso onl. The samei part of thle real world ianov he Ii modeled in' manllv wavs.I
Factors re'levanlt to one mo1del, may1.ý heCoipee y01I)C ) im malter-ial to ano0ther.

I t us cnE1sIider MnOtherl CXani pieo. As matn hegi ns to fl\y ouSLCtsid e itl1S)IL
--aIt altl timdes abhove atM 00ttl ft, iay ptohiemls of -!it~lMd~l"ChCM

ilportarlit thait xývcrc: not as~ lrc~s inm it loer.:tindcs. 1111,1iie iu I41'otj o~f
experts ill a vial ionl iiicilie~icn, caith1 stuod) ilng aI LlI[j 'eri'Qt set (qf p'llobleiiii. T'o one
e'Nilet the pilot zm an nalog wo~llItc'.I lIe hals i111pl.ts tniiitOlgl thle snses Of
heaiciing. sighlt, toulch. andti~l hlane I tit outpit's Of, this comipuitcr. thle recsponlses

Ito tlie 11111.1k do-c tc.1 olOtiullS liv Which the piloit Ciiitil-oS tilearrf.Ipt

11111 (HIitItItS 1ire reltetl tilironc'h2 thec pilots.ý transfer tI'inetitiui. IiillS 011C (I~l
illIighi siniplieu d, Ole relationl hetWeen1 in put timid 01itptut ks to kemi to liL thle ',lme

hi'lila oil l)(iii ol w isiinplif midiIn i volt iwis Of :11 inh-ti' tu:1 I e Iorl -

taiiiint 't acJt- tilIme~tor, alud eaait)liior. togetC1 liiWith a tinic-lagitl,ý viec.
.ilother inetical expecrt is ctinceri-0 With the fact thalt theC cenlter of' this

pilot-compiner, Il hotrtlin. imist -he kept in it snolettered clivir-onmliit. liroteeteit
1from externaizl stresses. While thie temnperaitlire OUItSte the0 hod\y MANv v firvI ro
40" to 121 ' F, thle teltIperittire of' the brain coniptiler is hielid constant withbin

I)% wetig raditititin froimi the 1Liii. other reaictioits. midt tt 11I.iisulitiol,.

Uigethur -with. a servo-control !1cv1eh!1i;Illi Witthini the liudv. 'I lie lm!Ifidl tissIo to
dscit- lot" and timlavm' till,, 5\ ste ii will hI te illite diiferentl lionit lilt- pl-ccoi'Ll" i Jg ii

Still it dittemeiit IiiiLIL'l Will lie iIL'il liv thek catidIiovaisulila spoCitilist to studly thc.,
COnlstant1 W0t011 HOW to tile hi;Jni. And, tifil ;l\ contsiiele tle jirohlent iif proleemitig
the piilot's brainl frlojit iieelltlietil shock. Thie liraiii Is, Suipele,1I1L(d inl the eeho

sp~inail 1-laid, ecase~~id ill the thlick elnt l valt. 1miniiiutcill dim culrved spilie withi
--- it',s p~iiiPYi iitervurtehoiJ disc,,. atl n- rsilntw uOia ad pijiýtcrior. .A~ii

miii adk-tI I tldill] tidC(i-ii eii C oll(- hi le M 11 1111 lse, is 1I itt ot timtiss11'' eO Iui i ted

hY ai ti pillot toi ;l moivsilhle pttulm-111. 11, it.'a c Ii oill Ilisjpunsi. also to lcie used
ttolivliet ine to Lliseuis; thle uiiutiiir of :1 hulilsm", dutr-im, oil c~lmthcjitike.'

Anti( 0o We see thatmaslls diti'CCriit rio0i~kie-isuiv he, ui'td to rellreselit tlie samei

Note. h% tilt, was-. thiat this Itistil 10ie -tile 111i1\01 Coilot CtiLt is- a lnt to at

timivalile' nhliottii heats-, littIle mesentbltiimcu to thle iitissiie-selectioiill oilel we
d is liselissekl, a1 ilelo whlichl ollistst (iif it IV ilahenti l eqations". I hlew

twVO illl l. Ituisevet' dast 5:10 15iuiporto Ifttoaircý it) eiiumm~iii: ihitth :ure

it Id&izeItt i~ Uý lereettIll til if r (~if j1lit: aspectsI of the1 rea w suil NN hlltd, b tle itci Ii t itmiuioe1,
of, ss sills. ill tile IeVill Nkorid. itllttitiols 1hat sit lie Ititilliptillateit ýijitit timisll~'i
ciills oir ilce-haliijallv: miiiiothuil neitlect mansI feutrires, of theC SItlialiuns" they

it



represenit. I his licelect kltlc-N 110t I tile 0itt1 tile 01se iiltc C 1itic LICIte\ SI lie

Shaike ell W01nld: tACen JCC0eoiIiW It) tLhIvCIJtnS; it mer('el\ linilitS thelir Jil'IlS of'
IICLeiilI H SS. B lot b II L IlCIS 1C t~ic , Iu cr I' i I I II I I o)LU j~i ntfe I 'SsilliIN\ 110112 nteiit elatio'is
are tou omeiplex to Ile rcadil il ittilitcdL inl tile onle ease, 1ilte nl '1

hpf.,c..ntJwtwsv. and)S elastic eeflitins. afluxprcssc 01hnilcrw ise. each !ni losI-;
tI sItettX HeS SliidClt fljtisth en021ii'ltS V Inettuapitt 011CAIO 'II 11101,1421 Ut1' LafIe S

oiltptits Isystents Cost ill olle cast.;c niiittnoll af aWSS ill thC ()tile[, s;IV 011th1
u1Oticis Vield thle',,, 0.litInt s IIes' Wvill t11i esive iwcittaeý uill AI IiIe Inis,
iios\ves jr nlittY [lot1 lirtislea Ll, ltt inoSupposing1 thalt Stl c 1.0105 ttleeutreplitiic

rj l'tiLies ill LIlt,: cLN \,kit ILI Vt 111CO 1ait i rhl L acellr1ac% andl assorilm c. \\li't

ICleIitICec thle lestift'. ft 0111 the 1 lIOLlCl 11,1\ L't tI'M Ih,: I ettI kirl iepenlds tpon IIlie
S~'sthuii jutlmeuf. tln skill Mhich [lie mioiti-ImlnLIItlc xcfises, ill ctioosiitg thle

lnSsliillpliiuls. the valials tile rc~tos ip. ti~l [IlIc nutcrj~lA';alte eunll~otusd
ill the Ilodel.,

Y'ou 111:iY rtecall tha~t Iheu iuuS,1iýe-Seleel on ituotlel HlIe 011C LI1,eilli Appendlikix B,

Iimolven whlat SIc calledl oliertinttih Sala s tieli thtilw"s its tile, iiliIll)(1 ito

taligets atlatcd keitlt each s:IIvO 111.t tie iuuiuiher ill iuiusSiles as~Iiito each

tatenet cuoiuq tit~halt- t dulIAII \ odd ' UIS ti1e t l\ ,C opic anlld vireigibiei wl[ it 'I

ticiet eriniledijitiC (ln t ill Oti~lk!it Sities o these' op adtlll' 01111 (tICIC th 1irsu;i be~

dcferi]CNehi cannlcltie~ll , in the sante 111c [ellt a eacott si ieu i. cOlliis h

hrmigi lc Ill ,,Ii CLI II e. o outr th :idlels i is ei" it lit ti e itic1 -itel;! t o ;itt nt

iiiiitie' Itl he g~od V:tftucs, of SlituC it ~ll s
'I hit. isý to say we eati has e ittMOtId ittS ll a mtt~h it IM iis V lili llt etiI pl l It 13

lithe itaIujttetlcI oh-I kue naidod. we ;ttmi lw tIe I]malupart11 ol thcile iottel. ft,

exaI lnple, bly gi v 'ltg ]ilIttI pol etiftiotlee kitol I, l- It II% ist [it Iu dilai:I5 IW-tt 11 \% ielt Ii.)

01a , th \aluties -t' vairiabes Iiidi thltetttftL.Itc allt co~tl~itilldI

il ~t t e l n e ts w eit hi t ile . ( 1 1 1c r e lc i t ie t it s o f t h e 'I tto il l : % .% te ll Il e H i lt s 1 1 [( i e, 1 t t t tl t tl t i oti dlc )

flte , Satia :i'les it the itit l il ilt i, tmit'lit'l hii tIc Iit e ot I t WeeL the 0 I ka i t"

lie i cails from the ditisthue v'iiucs (Ii lilt iahte" ()t Ilii ittitfl.

L\ it I 1t vS'u oi i s'iC~re otil Ill lilt' hii l J it u d lttt ttilt i %% ) Ii 1 itt Stitl'-LII

ttl~b ml Iu :ICI ftA iIIll lv-'~s is'iimii

itlili(L;ti lilt, dtjretl pCecctiqf-ig: (it iLtI~r tttiltl Cc t (t)hel Scvserti Ill tuccs
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0L!MCetie With tile uIIClIa~lllI ca icilents1. I hty pklayer' liee, ijildgilicuit ;mdinituiitioin

thii-Otiliiiiit [le aile, 'M1C 1 ke lIle i !hotis Tlltheii (ifciaticliol of Ileji' imiceN.

Bu~t if 010 10un~r iitsei~bet this iiiovtei. SO alISO is the INiKiliiierv.

-* iThc man pLiivs aI liniite.~l !olc. li nut- 1,ý free hilt iadwi i-s bouind~ hx nll [lieI
contrinits of (lie miodkt: iitrnintr& tHIMat. have I- 1b11ii bu1t110 thle machldine t10

i~l~~tthe iresults cl c oTieI til, std ii': icc Is )1i5'~ [ilie[obiemt Imc
th1C 1)0ill"jin Of cx pei)Cene~L adiiiki Illkltlii polioitlh of' the( trohlern.

*r( WIi S. N .11-D .1 ieiIN I

S Ik P'A11.(- 0 1 1L'SII i'l 1o1 W 'i I iui' U'lIl I 1! XI Itii tI I e It:I'ti a I lI ii1it1);11 t11) I HI;I.

For cxI iiipke ill :i lats /im, the1 I rohloll'i 0ii dL1t ense 01 1W I tailetd StaItes e:i just

piln t I I t he h tmn i 11 hats In i wtln 1: -Iimid diid his biest ;is tile Rufef comi-mniterI
to beat tile dif :ic s\ sticnl. I ccii lie pilt tlie2 defeCnse C01o1iikiiiaideS ht onI (jiCe

mote al tU(-L -uto coniitei Ow hebest otteiise t1hreat. And :,w onf. I lA of~ It the

Spirit of war w:iline 1 le'coneini in imt (Otti 11 Lhe t 11i0,t saluahie'

COIIti Itiutioln th tgijn hat1ls io iiAke to a -iveii problem. if ;l Liff is iliiniiing
thel~ po!SlhIc dCpto\ii ,1 ie t' ot anhilute tat lic~il force to useý in a erptieripc! wnIl.
thin1 Oh hiii est litiii ,tiloild lhe "iven tI c th iiiklus'ý iob atl wdtiltiog thle ptifi.

obiiiesioiis nnIuiiMciit and1( uO'Ietl*ClC 'miS 1.1ilire. Aind, just as it ik

110issIbhti) to hve colinpet it iii ss it ho'it einrlll 1 *iii, it i asi t)055it1Lte to cýO

l ti i~l tt' i1010iio i 0 !i Nh a naik' ii Viiih~i i dcil IvV1s 1 1 sla I r Li impl- _Cit;0'i 1-01

examiiiiii. ttwrcr iS oitte) i. tcituiincv to ýis i iitikiii~st t;wRi t t'iit ttck liii,

\ V eg r ' h a t re ' l i e tI t il t . I II" fil~i t te u s1 1 e1 I l ', I I ,l i ii i t ui l il, i II I I ; l _,is n l i_ I C i l 1 1 1

Intuitioin atlo enir_' ill huO nut ill so cxnli~i ai i ihioii Ill tile, 16i ldac, mlan

tslsimlis the mlodel, that is. tie decide's whA ttin :11T reIý'lelt III [L problemis

ainit what tile iiitciirctitiiuii liewee ii theseC 1ii11it ( iiituiiot h

seeiui phcitc. Oti o tierl. of the iliodtt luiht Lniiejtl thi ttm un

f htiis I it i11titit UI imiiiitl r-, imitid-ed~t ill jiutgiwiieit ii1d Intuitioni tintd utx

wor'uuik tuuld he reiemiituci)Cd-L SWilCII Nwe Ull;iiii 1.~
Aih 0 sm tt iih' ti fiirtfi to(i,. br~l us. ito eIiii t i tlic~~l~ it

Slide tuu ti. digit!l ceiliiie. hi! atyý etie, lic tiutuluin mcu]Niiilytrvtcs It) tjie1

up1 [lie por'ci 's lij lih weC iiseo~ver tile iiiplicautioua it' (11f our issuipituti (ii m

es cimeor ptaniiiiiig Litaetii. tRep;lrdie's (it 01hy siciiutIiuu tee.d, it, is to tile

LlssutII Iit iumi thti t we iiIis Niiitii whe SC: ak fui- an explantwion of the i-stilts
oh lIhi- iii~dUL
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T'he nliotlel With wh ich \Vc hctga i tlb i ta lk was a vers Sin) plc 011k Ill\ 5I

no routn-e Ihardware. pe rh aps. than slide ruleIc panu .nil, n paner blow ete its go

to the other c~trenkc Jil tQi nuAitr of Ivosdw-tre .nit loot.. it a IllodchIillo hichI

hi tyh-speed :electr onic C0o1rp Iater I S th I 'CCenItIralIcc clm It.

As rutixed in one c 0 the sht' v vanpovt

11he-Straeic ovperaios iodel is one ill a scries at &COexelpriCIIJ.s at RANI

Conlctrned xvith Cerating comirittire miwtet, :,s stra!Lg p~!uiI uiJ`! in
attemtyli to simnulate. usin a ih--specd computer, nvow of Owe ttij.r cletuits

of a twosidcld Wtategi air war. It play' thtioiielt. in !nte, thie dctaiied activities .
of hase operutli-In, kiqtisatching planies. flying them along thecir' rott:tis. hrtig

ahck b lighters and local teteriePs.,1)111 hoib anage to tnlilhrtý inrstal liltiorts,
and lCstljcltioi of opcrlation 1!,' tallOtit ll1 Wiithintilte conIcrete tirnitat'ions of
geogralpay, forcms in beinlg .ý f elltral~cloisic sties. i citu~ eltect isenele. base

capacities, and weaponmetfects.

'I hie knodel is; of to:c INspj -that llt:; beccirte kiaro~ki as Muate( lo5' ~tha~t is.
therc arc mnsty c-vciits rep rue altc-d whith alte dcnertldcnit oil eltaitc.- abouit
thirty different kinds ofl events in the presentt routine, Whreneser suICh1 an CVs'ett
at ises il tilte coilrse oh at ximulated warl, the miachtnc comoput es aI randont
nttmnher arid ~oiirpares it with at p otrahitity !',I dleteriiiie thle, oltiCorne.

To. Play thlrou-gh oneC tilln 01' tiC Illt two and~ Otte half Ofy~ at IF il ftitalC

,central iiir war-- that is. (in(- intvolving mlost ot tite air foicc oef hit t the
SoviLt ý linioji and ttie Untitedl Stuttisan llt iej allioes tcqittltes :it'il it SIXbulT

ott the. t P Nt 7014 couirptili.

'I hie tItodcl deals Witli tile wal-rl tn la siaglittoi wa ld l:tsluiiol ilait tit Aay
an1yoneC mfight think tllrou1gb tlte coutrse at a, two suItklv ciuntlict if he Coulit
keep track of all the details. It starts with a lis of WIit "wl Otltiiis tin culti
side, iinamely, aircraft (boinbeis. talnkers., Irtusports). bomlber buises. (leteiisc
installations; tradlar sites, local (lClt'CISi Nites, Ald fizhtICI_ bases.ittliditig the
-tatus oi* all these. In addithin ttherc miust he a set of' plans for c-, i ie.
Plairs irc. inuore ýtle rategietha 111:1!1~ selhiil'sol tof ett ad Oheck

jpoints. '"hey 11ust iA:lir !intio accouritt cont ymrtenctei Ma~t ;a ie dwkrim tOe "mobr

o(& !!t! if: r arid allow tor tltet m;itisc acttionuu. lI his i' .icatiul lite'.. adlt is

A c, n .1!al autounativ. Oiice tOw inpttaure set m, tdr nauduhine hit di wai. A
wi tiwait intterruiptionr.

jo l~hin ittitC full-scale eta-rtiet reL4tiT itea NUI c ar5 j L t, iiuhis 'eiitt

for our present nin4n, fir examiple. cotisist ot .same t it 5uu 0 evmataieumuinuti

hA 11c h,ic output of thle mloujld is a Set Of Cellttpu. I Cer \ sýiacihietiti CVLntt
ocCIFTurrmn to e ch Cli of airuora Finite Lou, se Of thlc War i, co

7N.C. IDa]key ai rd 1,1. H. We gnet. Ilit ctaaunaOea sAf :*IAi ,irr
Report WL), file tr.N1],([uro!rufhion.tisl2 R I It )I)( Nio, AI) t4t.'u
I1958 (Contidential). I

`1See If uipter I 321ir an expiranatil of N1ot 0 11 Utrlt1
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Magnetic tape. :und can bc prinited oiut as a ,I[[rpiisiully cilead~ %it)r. III
addition Ito ccil 1histnriics., a iiuiiier of sigii~ilieat in~dices arc kept track of: the

1count of phines Ikilled, oni bitse. pklanes kit led by tile two tvpes of-d us
r e r of gi-011i ml 7C rOS. basV Miid dcl eI*CIe in lP a 111iil onsdetInnydoimopra

&Wii to raLdialtion, anld So onl. AIliese canl he prIinted out as tables sIllmvwi tile
via iationl With iline. or. often more11. lscklillv. as giaphs plioitripledl frill aI

V1'seci421h paer -'Oe 'lie 01 .1

MOICIidl-.setenaarecle neni aC hih Ced ck innpititer or onec
hiv-ini slid ruici pecl n iei Iýf oo i in-"SI1 sirIII' lrI]

to ar1rive, ;if slimiolls to (litiii-lilt problemls Ill Ow ita "Aoll IIlit iiodtAl iiiitlIw
iedwithin the resýtr~iCted areaR ill whiCh It is app11icable~k. It 1Wiit he WWII by

:inlay~sls who lit]dcrstaill its capabhilities andI ( liIsiit;Itioi,, I o atep UoiS",

miodel is as iti'loderii-. e~lecton-ic verlsionl ofdie lDelphiic oracle f roml which onle.
111n1 requeSt anwers to lare anld t illiciiit decisionI probloliis invites nlon--

seiisic-al resuhtS.

[hec past tenl \ cars have ienitarked chanlges, 1in iANDis approILIach to s;VsLteI'i-

a11[nalsis that is, to analydtic studies, I hAt de:1 IWith complexC~ I`r0l-!CIV 01s olchOice

ill thle face of t1ineer~tiintv. Let nic puit the di llcrence iMaCCu rarely but grnap hi-

cally: Inl ow- youtih we looked more Scieiitific. H'iat is toI szs.c a:iacilie mnole
imipoit.;iilee ;WO. to tile [.ILISi ICss of petiesc itI t a1oftle rcal
World winl hch wve wicre dealing N it nJigle aliiil tical niodul . With tilte conitext

Clll~lltie 1.11,11111itolI d tC~l~lILItie ril ~ seo l w ccetei we Could tutu~ tnil
.1ttenio to - thle nIre intigin quesion of i )hst to apply inlodcri

io1at1hieiiat ie;il teeliiiqtes aild hiigh-specd Coiliputer's to piialicc a nea',t solution

froml which-coicn('tiiinTS an1d reC(OImI~lltntdIiOIIS e(Jzld 11'draxvllW!.
.1 here: arc nmany problems inl the wordd for which this ik 11 Sensible1, eVen1 a

iniyomwoindteil approach. '[here, :ire pioblemsw impossible t mlsive %v'ithoiit the
Use of thle o11st pOsvC ful. tools of, mathematics aiiid oif iil~ti'.Ii optiiiiil

dstr-i bution of weigt, ind tli ruSt betWeeii the ;LYcrKit stages (f if lmrp~c
the dictriliiiiation of its initial I~i ajeCtiOr these areC Well-deitetine (iieStiOiis andý
yJield to neait andIL Orderly' soltition. Oil the other hanid, the s~tbility ot thei:
1WThiMIMn''n ciralsin A. the eonipoitisitn Of ;I strteniei dettelrrent force or, tlin
ciKIICLI ia0cei 0L eKxt genirmitioli o1 tactircal wiiiiliii thesec are not. cliicstiiiiis

that imay be atttr~ed iisetiill's ill hibis iiiiiner. :itthniisieset l rl i i (iits

these ploiniileis iilay lie solved ;iI ilx ic ilký A tiviv;i casiii i t)! this is, that eciij

jhlik, nmdcl ha., ticcun amitIiphiei by diei Air tHattle !\iiatysis t)ivisioii of 1-,(,.
Pltans anditl'rograms, tI aiquai ter. S I ' \b iii vriJoii k wnwi as the ýAir Battle.

odland SAGI 1. F or somec stud;cs. these more extensive 'tje icyie

icinsiderably longcr runiiiflng IkinS (for CX\iiip~le.I Lip) to il hoilrs On. UnIll ABM 7/09).
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m11odern~ teehi(iqneCS of* iiiaIAsis ire not snlifficently powcrfiil to treat; th~ese

howev0er) for! th ISdauc orh V :s xi tICoInt blruIta1.I ".l finip ýi tI oea on and i dea.l Ii/ait ion TheC ma~jor rcoi . 'I
howver fo th il',lC~l~aC OL Stflpic Optniiit/atioI prlicedurus is tho_-t-.A

role thlat tlyicerta int, p)lays in' this Sintif U hutL fascinaating w-orld. No lontgcr areC weI
ana-lyzint- a problem with a, given and detiliite Context and with specific equip-

molnt. We ninv not have clearly definedt- ohijectives. I n1.tdad, We motIry to
designl-- not1 allalyZ -a ysntthait Will operate satisfactoii% Is sonmc scense.
uinder a varliety of- Contingenieis that- may arise in aI fl.i rtiir ,,,n oniy LInmIy.

We have learnied th:it new. tool s-high speed eOmpntelICrs war p'sming, game

Theory, linlear an~d dyriaiiiic pro0ýliljI aniii, Montei C >i lo.,ý1, LJul nIh iS-often find

iniptirtattt1 appl_)icatioll. that they ale ohltei tLS~'crltil ~aidls to inltuiti(onl and un~der-I
stand~ing. Nevertheless, we have learne11d t0 he 1110re interestedI in thc reail World
t~hio ill 6)(2 ide li/Ll ndl We rprej)C _ 10or ana ls more initerestedilli the

practical problem il 1:it demanils" solttti~on thanl inlth 11cintellectoal aiid 1;ueclwiliceal
gadýLg.~ts. we use inl the solution.

T he statemient that We nlow put less fa tllh in the ne~it analytical approach to

Conmplex problemils is flt to lie takenl as aiti r'tu mea)"t fmr ni insci(int ific stint los,

for- illogical argumen101ts, for_ SQat-of-the paious pec~ulation.. Detailed I qailititat y
work of high qluality is as important- --iii its plac'e--as ever. 'The proikee I leade~r
moI~st be able to decfend his thesis, not by assertion bnt by hlogeal analysi,aitzistt
the qluiestions of a hostile, lint rationail and ienecc

let mec. Close by retminimli~ von that, as, t'oriior RAND stall1 mIenC1hui- I lemi-minl

loa, systems aialysts ate yellin1 10i tw boktli ii10rC iiiiidCt 11iiiij theCir CeliiiiiS

and behet icat their Work. IC thle treili (1 il eotciie, -"e may1 well Lime oult withlA

it niatch betwe'en caiiitt15 and pt ndiietii.

li .Kah~n and' 1. Mminn, 'icV ~ih prsohjwvf .S~'stc'nis 'I hiodtsiS, The t C~n(orporafion.
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Chapter 5

CRITERIA

R. N. M~cKEAN-,

Svsteis aalves is initendedC tO helpI- pick out froml a list Of 1ltCMatises
the precferredL weapons system or course of' action- '[ho criterin probjem, is
on, Of devisiiig the ifest of preferreednevs. For instaiiceU the test of a strategic]
deterr~ent system migh-lt h e the lowdsl; cost of mnaintaining a deCSigtt1:tted
capahOil ity, tk-iun into accounit both the 'entetny's ollenlse and i defenlse. Tihe,
nature11- Of this -rilteriol is of great iropo rt`i rice to tile CVallitation Of tile rival

systemsl,. Note how results change with the use of other po:ssihIe tests. As
aI extr~emle exam11ple, niaxim urnm damage per vehlicle lost wouild favor aircraft,

wh mitmxiimum dam11age ncr crcvw lost would] favor nmissils foewr
cOnliparing aircraft and missile systenms.

It should he re-cognized that analysis may simlply trace ou~t sonic of tilt-.

L,~~cnsequeCnce ot alternative weapons or actions a~nd eXhlihit theseý conseq loei c-es
to dec isiornniake-rs af~ter thle faShio~n of COnIsumeIS' research. B y this term I
1nan1 [ilie kind Of' reCSearch that is often1 done to0 help Cotisuinlers Choose all

ilent such as anl autlomuohilu or a iefriceratuor. U,1sually the ivsuits do not takec
he lornil "Autorntohi i A is the best one", but simtply state, "Her Lrcar the

costs of alternative automo1biles, and here are son ie of tlhe imniorta ut char-
atetristics and indicators of performanmce'. This can he a highly usefuil function
Of m,)Inso~far as, anl',A'sus ate utre-(ly '.111ipnssld to do this, there is no'
criterio proper that points a finger aV tile preferred weapin or action, ýmid

no proiohk u f dtcciding onl v dt-1initive test of 'rltcts.['here is
nonuthdcls a closely related prohle ii of deC~idiP eWhiri are thet eonISeq MC

and indicator s, knowsledge of which Would help most Inl choosing atnotig

aitrnmiv''.- Thisi ,vu';'mc ill deatl chiefv vly i w ith thdevisings (of formal tests

of Veerdssas thongim sys-ternv analysecs were alwayýS mat 1ppoSed to i aid iCat

deimni11tivemy tlmm bcmt course of' action. A good)( deal of what is said, however,A
fLippli:;s toy the: relatedl priohlctn of de-vising eoii-iammcrs' research mudicatot ; thaIt

woldle mot1 mel pI1u1 to deci:sion mak( rs.

As poinlted ontt ini oil]ier pa";ls of this hook, criteria involve h0 ih co-;[V; and

Ilacachivemet ~s ohCetiVesi; TO Say, Oil the oneC finMd., that we want the

[ouwet-cost systeml isý no test. 'ý'shut-would this miean: 'The !lowest COQ; to do

what?3 TO say, on the othier li,.l, id that we want the systemn that canl destroy
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at least 80t outt Of 10(0 targets is not suffiieneit. 'I hiert, are several ways; to go
about this task i; 'it iý1 1-feasible at all. anld 11ih criterion iS sULI)[1Osed to -,Oi
OUt tile Pi e](rre'l Cml-se of action,.

Let Lis see how hdth Cost a iid tfl c -ohiccti'e e--und enter nil the, criterion -

The objective might lie -fixcd' at thle.. abilitv to do0 aJ piftul,"ar Mii ount Of

diiriige, and We! couldI then Seek 1ile lowest-COSt \k~iv to achieVe ti~ll is an
Or, the objective anid cost m ight eniter into the criterion it a diffieient -wv1
The objective conuld he dlefit ed as thle a1hi i y to dto a1 certoail 'Xtype oi diiIlage I
W ithout the damiage level heing fixed: instea() cost couIld 'he .111d nthetl
wAsi Lto ailel1VCte iLac idaCs[ ;HHUIilL Of th11,isobjetiv tri r i-icihied cs

could be soughtl. Note, that the term 'Y~hjCe1IVeS- is IuNed to neonal taslks or'
missionls. Ui l"ss this is kept'in mi im I tlliý termn i av Cause coil ius iol been ulseI
inI an, ltimaie sense dhe obj~ctive.; and tlte criterion n itf lfpelif to he the
same t biiig. TIhjit Is, nolr ldinlt mae objective mii eht he. duserilb'd Ws themaii -

te iiiCiit i..ene itsieesl toieienitdatiol oif mlilitary worth WIith givcen conistraints. anld oJ course a vory firie

criterion- (if' it could be IIsc would he the IllaXilIi/atiOf6 of iiilitalrv worth Witli

we l1l11201 pOsitive valuies or desirable aeleco Illstat ordinlaril" Ciitail

negaItive V;Ines' Or- Losts. And thec eritericill must take lentl ol; tliciii itoA
account.

Unless restrained, tlhe criterion problem call enibrace tile spelling! oi it ofl
oh ecetiveS aiild coost iii htill altiil . .svi"wa iiiim lip mostlsi )itftle j.rpltiilu (fl
arialvZiilig sys'teils. If thle iieasurc Oif daliuig Ns s~iiftCd, it' the llIMIiie o1

meiasuring coist,, isý altered, Or if' ditlereitH couIstrUiiits MCl 11iii NCipsel ll1 C(111 hi'
regairdeil as elalanges inl thle criterion. III other Words, it is. Ilimir to drmiss(tie
line betweeni problemis of criteria an1d prObleiC s Of llieaStireilient . III this

diCLISctS 10i, however, We ha 1 conf~ine oursel1ves to gw'm',ia questiolls ý iiim

criteria, excIludinlg (JHCSienStilrsaou~t detailed iiiesi[ I elltentts.

5.1. Tlii -iNI-VI iAii iIY iFl PROXI MA I'l (Ri I I-itAIA

hI'i'raps ideally We shouIld choose thlat NVtIpulil,;sý "Wsill Ori (iiirse (if ii01ti'1li

svllicll iiiO illizeS iili~ltni' wol~tli colili its"). Buit thiS Is 00 11101"
lieilfult thao ':tinIlg' tlimi we Wanlt !11(' bes11t. I' l" )dVi i's -ce I l,

military Worth is1 iclated to thle olilteomies Of variious courses of iictioi. kNi itaus

aichievements 011(] costs call rarely he expressed ini the so roe itiN its or example,.,

in (~ll~arsI, antd we ea.nriiu eolilplliit gainls m~ifnus costs fu)r eachl of the ulterm.;itive-
systemi-s. F"or these rc.asolis, wvoik-imi rolle c lt~a, r~trtha in perfect
ultimate oInes, lilisI he1 iisist. [tiil WC do not have tkymIS list'ltfeet Li hello inII

order for analysis to the vaifoablc. 'Iso use it lionlul)' i~phlorismli "S''iNis doii't
fit perfectly very often, bilt a lot of ground eaili he: covered jusit fIilesae



t he nninillillu cosýt i havilfl! ;I des ignated eilabaility is not an nltinialte or
IWlfIct criterion: if we specified ai diffe-rent tivme period or capabilty, c)

* looked .11 Conl'.eq tLIIIene on1tside the ahil ity to) destroy ii es leo-iItetillc;

riindcr '.'aPu i-ms x'-dcilv isnigtt look di lererimt. N onetheleiss, to the extent that this

1s the Sort (d ecipahility weC d(:siii', tills criterion poinis tiJ u-iI. bcsi0 s-Y>-itfi., 1Iii
ayevent. it is pertinent to) we how va -ioltis ir i kln& forces raink i em

of, this te-st, f'm it Is imlportant to have att least t~his rnotch inf ormation ahout

thle onteonies iinl.1er \'arioi is systems.

* lhseletiooul g~d citeria is c iad ijtlicitil in part hy' the aict that

I) .OhClems oft choice mst hie brokenI LIOW11 IlutO COMponlut ipieces Or Sill)-

prohie nu'~. It is inevitahie 111 tIn CeiSiOniMIakiliig he hroken into cotnpolieit plmts.

Soilic dec(jisions lbiuing mlade by "high le'.el- officials or groups. anid soni cIcing

dclet~atcd to 'lower levels,. A\i decisions cannot he mal~deL 11V 0one othciýi or
vrill up. Similarly thle plc.21 Of MWINutiSi 111st he 11rOkenl into0 parfts: alter-natives

alt all1 levels cann1ot he anSye sin III 1neUOn~sty. (No coninotationl of greater or

lesser- sigoiticanee shonid he assoia:te-d with these teris ''higlteir' :and ofs

levels".)
F'itlW'r analy)sts o1f LteCisitunIa--;kei-, thlen.r!, eo pr alternative c~ourses

ýof aiction tfi;ii pertain w a faii of thc mnilitý,'iy praOhic'ii Other choices :Lie

te prrl. h 1  ''be iteIsioIs at'onlt -suilic tImeis hic iig. iMCeetIl.,

Stleedfic tleeisiiuii ahtoitt oIthers heumitý taken fuor granted. 'Ihel iesiilt iou iwiuil\Li

mireC iiiteiileut to he1)lpll t 1711u11 optmu 011shtiOiis, 01 1 kthlLr plhiciesl thi"t ;0c illiuprive-
nwicili 05cr firupowel solutions, to) ,uhlirobhlemmi. Ili tOw kllpiunr'ae Ilh ssteins

JI Iimic -- i~~~ept ;IWeactly what is, me~anit 1w siihopti iol;I11tm ll
dsIvuili's When ti-irvn t slee iO

anud what it,, advantages and are. ig o solv adli (I

the prcbloms in iwlumuil i-d m i-. 5.1. No: Simiipv h1tve to put lmany-of theiher
aside, temiipimiarji'.. tIn luplii coluises of, acicriii at ach evi~l. IaP; ii .'

(if tile thliiuls olicu to deeisioiu can hue illh(Aweil to VU- vari. uIII mmlt:1WUnenns Other-
Wise. thc mo1,dels wmiild heeon e imipoissibly c~iuuhc im it. Allot, us po(iikteu nout

earlieti the miuuuahe; 01i cil~cimatioius, to CeuIidiisu Woiil't niuut11iilt iO thel ousiuC
lt~i5~ i 'ACu~iullpulWe aiteilPu;\' usvu'htl supliers We! uld take for gran-d

most decisiomis ;it higher levels. tn eomipiirili wing il \xtem for stMitegic

air waita,-re. we iiuiglt Iiut Siillitilt~iiucimisy Scuck the ol-itil I l 'Illoe;0ltii (it the
Aii I (Irce hmttiilct tou the Air Dtjeiise ( tiiimmiiud. thu,. -icutmcaul Alh( i ulod

anid ill uitlur nmissiuun,ý: andl we would not siiiiht intanils search ion tilehic ld

oxygeil Inash r, pure-fhignt proeed Li c. o 110 SuLItR' Ws 1u ut-i ClIumI I IC i I I'

ýx amiple, thle use of electronic o utruae"'r' I'ge ous r
C rocial (( he lie fun ul IIIa I c oh aI CFlternati Ve Vchilc we C ssW Ot I L v ary t liui faIc t ors



II.

F ig, S. Aboi l I izit i(d'u l.;rI1-rI - 11c
.:~:; -!lC Oil"I;sn ;1 jil .i 01A. C .- l11

bybrad'!a!.yc~ .IVII CalbIesage~v, n hy m yfrta

Ca l s ;, iy Il,. t W Iit hig-lir, l cii,. c -t la .L if, k-n i r lf

il - 1 -.11)"gt 11l lt Il -o ' N ' t u l-i u i .i

art-il tr o H it-~ s o"pt11 ma I C l was t L] ijll ofn cHtii VCIXS te None'ý~dt eles. III,

exicicilla t rti atioi rn gs ithait on te C o nep-! ai cl-u iv t la c m adatges., 11L

reason yield O ure a urtestIi redst pinn n tha ill ther ha nd ii, tiiur i:,f r oul

euseis lte 10m tick. inn s -tc cosba ofaom~'iu rikle in \j E xplct i ic labraor Hiditiiiie,
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11 oweVerI, tha I ucI h I I r11 L Ii 1; l 1it tS- is 1 'l sie i )iriS, Sinc I on ar C0ull lostl' aI-' fterI

Say,. tire eqtr~iV!rlent Of t1h011 IN'ir isCOMI);btt. T] e Criterion of the best mrilch irre
grin sh1FIUlll he relatedl to theC test olf ani cliect yZ ground force. I-fece. it is

:rlwýrl s urugeit. it least to ponlderl h11I"1he leVel criteria inl Or-der to aNv0idl eriouS

HIiC(IIItS islet CI <
rin moirirrarl, t henl 1,. il a-i 1i( ie il ehoes Carn c-asil he

rircor.JIsjtet \,ith higiher lex el criteriat. Tfins i !iot to saly that we shiorrd
l\\t, a (,:I][\r orrt. alnal oisi onlly for' the t ir: lksld pot iernCIS Of Choi1ce. OilI
tIe COWtrIr\% ifflidstrilsis imhist attlack shirhi lilerti. Nhiaru Such-1 pioh~IcoS.

i11 iralillliS 11cedL not liriilt l;rireIilc w y sceek 11t.e nirlilial ii licopiter for

tire Nmis or tihe oplitoia tileirsýe hliriteet. I ALC t( etct 1 utittereit-1 hiiulot;!I

tsvithinl aI reasonalhie raire-C) ku'f olifhItereir hlLiicotersCP (M th1C lperIlo~irIrICe ot
rri>-,il sX-ttirwrr:, iei ~hiii :mni in eiwioi them inl miltkinge the Comprlisonn

"otry dri) no 1f'r h:1ii i. A ,\f ll !"i to ":I\. xve thait ,Jc rtit. 1leepl !ir'C
llnttie 01(1disaulinotacsI it 116,11l. aitr;' mIIak tire scop, iof ealch anlalsis
c:I 'iai eiiiioi 'w hi. \\iil ;void iliIrpossrhiv, ;irruai'.c odels. oili

tire reii~,iiri. andi ex\cessively, irlrrrow ii erilcrl~, on)i tire( otllet1

Ix ýcc;[l r i p rio \i Cle'. I i t Mids Ii tX !i I cIi 1: i¾k ; u IIc ii ~lc Ic

IN l ;I% " lriii'rl kit unnolnili i IW I kii ) I rIV r ti . iii E. It' itfl I h' I

1110',t o1ttei ' iI i ii rtlltrr 'iu~ ndI~ nirlilu ii '!iSo mii iiciltlI rnpi- ri

('11Ci cerlitVM -0t-iijetk i\C lilt 111 keii 'l- Iisniec I,, I . re tir ii i ltiiiil (iii

riwot ikh. k l ,ir itwrrrrr \tr H1 tC rim i lC ulol A~ till. ' :,I 1) Ws ~ lkl orir i -Clke

Ii' su r lil t. C~l ;I hJ1ii 1 S , i1 Cur To v.. vle ll se i 0i 11" Cu 11 CC l i A ee

kl )i c fi o ri I t .ic - I V I o t I c i tm k Ir~ r I 1 ; 11: Is tr I A ) II 11:1 1d a n d

'ui~~ijiiist I orIt'.tir Ir r1 1n 'd I rl rt 1\ '. terir. 2- r I ir I hi lul ;iii

Ir 1i ii ) ( 1 4 \ III I i I I I tIc I I m ild I ( , ~l !'t+ i ii

I X II s S i li lt Ial ri 1 I

-,xti'~i i rch iiiiiti rell unit (rr1 -1su 1 0. 1r ).t\iriiLi .'o liid ~lisi-11

s i. xe Cairr ri it ll d ~ Ii I uI( I'c I tin oc I Ii tie Ic I i- li i rc im

Ir I I Ir u I I i an I it l'-Il 1;11: ini- c(ýii i l , 1i . d lilrt a11i , 1111 r C e 1 1i iii 1 -1: i i It Ck )'.1

I I ilrI i nd. r\k iiir I ri ie .ltckt .1 110 sir ;I" ;I t'mlith i t 'I rio I e tri r w i lilt.
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fit)%\ 1,100s thle raitio Of Cetlei tt',ncss to cost pcL fou to t ist crittertollt I )sxsIlttll
A, hzls J Otlt ',( ft' and1( ct'os S Xý (AMl (a ratto ot f lo, 1 11 hats ('I( sql ft
midu co~ts ý' 28 t0t0 (:1 ratio of I ito l0), Is Ill zin obvious Choie' I oI
t\c inSt he conlcerned albout theC c le - Thou the abISOIlute amo1tiittilt 0iSpice

nhe nkiw io\5 iI pimis-l~e or llc- ahol itle ai'lMount 01 manes1' the 11 iuse w Ii cost.
1'lie recal qulest ton. conceAled hy ,lte ratio, is the f6iIo1Wintjý: IS the 'xthr:i

Wit~houtt constralints ots thle bttdiMe or theC Scile Of el'ciei'ste rto
nilaN polint to exILtreme soILMItoS ald mayý nlot be coisistenlt at1. all! With tii,,hcr
level criteriai. N~ow, stipposec that wvc titupose at eonstr~tilnt Conlliningj our11 Lon;-

SIderIAtion to aI SenSil IC A~bdget[ range1,. nd dthe example11 above mlighIt be
considered ats at Case ill pl~int. Ill that Case, thle rat io is prvesented front carry ine,
us, outtside thie Constraint, blitt its significanec is lOut Clear tintil thle ri1rt-c is
Wiarrowe2d to a ftXeil blodiget 0[1 ob~jeCtiveL.

Scuiigt, the Wrmou[' Object(no wr Scal~e of Ohjce lite

It :11110:11S th12t (1tC niost S1titab1lIO Cr-iterion forml lin liost prohblems is to
nittxi tti/.e tile aeh eventerlit of1 tile objective for. a1 given cost, or to imilitnt ize

the c cost* of atehicving it specife, bets'.l~s w :1t' VkqoivJ lent eritCrit In
forms if thle scale of' either thte tlibictive or the eos.t is thlt 5:111W it the two

tes t s. t hat i'ý, if' the test of tuaXItitItt11ill ta01' iaaiiy t t a bud~get of
1 I'hi]ion poLin~ts to t11C policy 11hAt dcsiroN Itt targets. then thle test of

I tttttitcost to ilt'litiovea lxciii irgt d (iitot itt wtll poitit Ill the so tlie

puhict . [he two tests tin'ý) Viel cqu C -tlutt(11 inlorMatliotmi if calICUlaions11 ire-
e''''' I~ at t'~~r~tsitiPlllettt ts of CO'st a11i1 1CiCVlteVet Ii. 11v lie hiee

bet 11o o I! two er iterioti forms doi pritillI rglv ttiotli wliether t! is tit"I oi

* ihjeccttxt whic Call e ithe fixed %6w1ith th rn' t 'l"iq of reets.
"i''Ii lidi(s tis to thle ne .xt type ol critetton err-or: fixi.tg thie objective. or

t1iL'l~t t ititt ,the cost, incorrectly. Tile dtliUicultics apply to usinig either1 cost
or object:ive, bitt let its foettsi tteniiti O tilt: lie laket. Ill 111'. ostittHiple jt~t

diisii',;ekL ijif thie til'j.Lit 5 is ffixedC it, the ability to le'.tro\ ( ii trmcts otto
Xs"Iiet tstet if it ik fixed :ts- til t-iiliivto i(,,Initr .'tiM t:tiitets. tiotitlr sXeiten
.sý l'sst -[lie uteteitcd"~t~l sst nilas ilatl"() wilI'tiii, to tiltt; ~.srt fdtt'

thatu is eottttted -,s, tie,;rtoivtg :t Llleýt. It)t.t 'Wt th1C iilt)jC(:iVC tttiCiitie_7ills'
tttwt be tt) eltiosea a criterioni.

Aiw iiv: (ý tit (A Citerititi utitit is I() 1tiote Iuttcirtatiutv. [ itt ex:1t11e. thec

obii~ltljective ":I\. thlt caitabilhtv tA dvýlcsr(]Niitt Mt ta10 Milts tits ot-C
timcertatixt al-l~imt 'thle k itid otl war, mill ilteitee thte k~itl iii tmttpe, thatI slitluld

be tititli tl bteis ;I chancc ll: attite aqIlppi iti %tN to 1e>.st tttr oilt
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tiOl centers, or VariOUS AiXMrxt (1. fl te t IT Ii the crite naill is in termIls of

'one palrtietil ia objective, ignorvs thie possibl ri-vne oflicle objectives",
anld dilvertS US from11 HI 2ie i tit hCd 1'il11g. aai ns eclntillgenieis. the eritcrion

* Treerteinr oryignore -Linut t irntv ab1,out Ih( ir nd of war and thle
strateici sit m ti an. IA i'ýocr "'c'td ist1 unraity trrrig
ied rirojog) or the 0kXetiriCalce 0'. cllk: irveeens.Spposo that One Systeml woulid

111iiial'ai' d(SlestrV a1 giv~en targ"et eomlplex for tille least Cost, 01r de:-;tro'v
tiClerioSt targets for a given Cost. llWATVcr.' SHupOSe this sySteml fails liserlill1ly
011e t~me outL of five. (jeadly, tao 4soher tl.,.Il t~lLe":vr or ex1neeted

resrujt are important ito tilre choice.
Some rof the, th intgs that can. be doneC to deail With Mrletu Ty r i ll(LIl~atk:

iii the final seetion (if this chaipter. Somec fairly siihtp Iceriltirion problemrs arise
1.1inde QorId itions of uncertainty. I142erC I Wish to diseulss Only 01he simipIer, arid
more counerai iSIC issus 1an to er~l)Ip.SiAC th-at dc-v isirrgL crleiLa li ll th aiway
iuas to czhnccal un'rcertainity earl lead to grievous~, error.

Irjil orinti I v 01/c/ (Var pe e rI a~0 tiNil

Another type( ait Ci ror is to choose criteria that neglect tire iriie~mt If'

:itcrnativc Colirrses" of actiriion erl csts oi ;tljeyiilelit'; ri ll other operartions.

Slifppose figlder-aircraft demieiis are being crom1pared: anil thle test is ilii'

drlils'!Lll k"f ' o (d r; ,1 111 :1, o-ov l

ialldw iilra ria i U; aoil to piek (11i! tile odd j'-M a1'; the be'st aI tic 141t 11iil 1

stlill have. trobleh. A ligditer wihlfitln, cHLeetivmrress in~ a (llt If atnrc igarilrst
oneo. airy he lineý aldividl iil Is'. VeteriraCtvl tleti ill I groupIs
urr'-sranr. Ah tes cýt ignorus tile imipalct onI g.tlir lleetICOViivec ,l HI r..orrihat.

reliab-ility anld abhorts. range1ý arid (r11crc ' af oiit~ict with th Cll].citr, and

so on1, Willi thi, test,[ tire 0,111 fii I lii coslt ýir miirih that wx r olildht b only

at fesv. Thils, it is lilciito flietor (nat this M1irlip 1-1ioler in tfhi f rsidinru: oii(,
ilrrst ilaanl jiii li'h].-i ;Iltn ah n l~~;iirriirito \,Clck- a

liii 'c otherl [bivuct leslA. 'r Silt kit SaIlin', C r 'd C1111Ci par 11110HnoiCi li cnn1

tlillieriltic" rncrn~otiirlteielI ii tl wr iSilr

it pnrtiac hnar.ar/4then Rn tiff .t 'lwc lno. I khi 97t1S -

-
"A
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Adohpling,i 11"ro'ig C onceptsx ;.f (ui

,uppose the test is maximim.11 tar~get.s destro~yed flor, a given lissilc-matcrial
ck. Ihi tst would point to ii.ystemi whiichl used 11ila cs inid crews vast

ftlivý: inl flee t. thle anlalysis WOl ntiltreat 171iJ1itS Other thiAn tisse ma~terial a S
itf they wyore free and had. no value. Maximum targets destroyed for at giyeri
Set of .yecfir inons uld also k- wrong ilf in fact, the Iuirci iae o various,

sets of' inlputs, is 'fea.siblei. As these fylveý Of e riors aire I iscwsced elsewhecre Hi

this book, I sluill dto no niori- than mention themil here.

Igiuwoiiig the' Timc . ~l'ijf

In choosine policies lor. dA12rr(incc. time is an important faictr inl the

staitemient of. thek objective and hence 0! theý criterion. N ote how the
re0111coInInen tionlS Might differ if' diffrenCit t:1ime pefiodIs Were con'sidee.*C.l 11f
thle Criterion is in in nul in c'ost of Inlaintainint, the deCSienatedi canpahint \ ill
11)("1 1067, a mnotiheition Of existing systemils nlipight he preferred when fthe

tes perta:inis 10 al loni'e"r 11ieriol ;iftr I )(iS oi her sytit xomiht prohaihlv

Censiderir a lower ICLen problem of Choice. Suppose the test ill coilmparing

alternative means of- sloring aircr-aft fuel is, thie niiniiiuiin eot (if'. 1,cening

fueC tllu to ecrtain specificaitions, for exaiIIph'. gumII coufeit [lot to cxcIm x
miligrm ~III[ei- ;allonl. Ill this c~oiluiparioui. time11 Is o~f the -s-;cnce,. If' dit

IV~iS11,- arIC to Ile ZIL all uIseulj Hon' nn"4VI jtsk, sormigea I- ill ul-t t-a0e a11

flr ow lowg! hit sonlic piohfeilis, t~iioe iiay het thle most iliporkinlt part ofl
the criteritmn. kesooIrces univ -11 smsiteieu is- fi-wd, :111t 11w 1:1k uom 1mv

he cifie Ill every cet~ail except if d IIA f aii~ICveHilln. ft -,ile1 i constraintsi-
make seCnse, thei test would l\ to aeoi-miplisi 1the "given task it the e:irities
puissihie date. Ill anly eventl, we caunot afiford to 1Le t-ticlcss \\it]) respect to
the tin 1' d1cimesionl of tile ohicetivu (or of Cost") inl choosing fit,' crutcriiilY

lr-Xinc* It) I ,; an -(hei n i m ilitui, les

It 1 il Otct 5: id i i ! iiii't111 l 'iliS ;Is Srk~.- we ai !get "tIilt est '.1it

f Imst i flicr tUN ni.' (iuvid r ttc c-iiterioii iimplicit iii the l

til ttlit Ii lilt titi ulou pinl ft CItewe1,it q .v th. uicst lttts 1h .epitita

fioall] ii Ilit liIi. 01f Iled1 k)s t iftilt teepk-st wSlItSiht am c- S inch

tests ine 'o eieen iu i ' tiilt- se011C tfmi ll tis t111u11 ;111 1nut: t;lll) I)O.sifv

I t. t I. I iddull1 H art. Sfroier'v, Frederick A. I'raeer. Inc.. Nuw Yolrk. I1.ý4,

p. 240.



he done at one timec. It is like nsa Ixilin ~iin g :thci ainsont of aspirin vim buy
while SimuIItancously minimizing tile amen mllt ot' nione1y spenit For theml. This
_typec of error may not seeni serious, 11SInie M1inly st cannot aictually u';e ;LICh
criteria whenci they prepare quantitativg estimates. Nonethleciss, fill,, me-iconcep-
tion ;hoiild no~t No taken to.) lightily for from such confuitLion some1 rather
Wild compromise criteria may emerge.

I.I

""G~ineCoo,/ 1" (t'icria to I/it Wtroto pii' n .

A go ,od criterion inl th~e comparisoni of' one set of al~ternative actions, may .
not be u satisfactory teist InI the evaluiationl of a diiiu['eil W'Ii 411tnlci

consequenTT .,tile criterion LnSeM il nl ;1;y/ing! oneC prFoblem Of Choie st'oi ildI
nlot be :1nn1lied mctchauliciallv to, ii diIIFferet p~robleml. ["for ins~tance. s;uppoe

We comprie- thle capahilities and cosis of prIoenrling, and lisilirg alternativei

stiategie deterrentiI systcni,. 'The p)2iyotlS and11 cost, ai e qmoit properlyth I
eStiiiialtCd CoMst anId Performan11Ce' ibat \would result from operafiiiie thlosr
Weapon systems, and the criterion can be muininominl cost ot achievinw af
ileY nat:1 ed perIi'Or~iriLnUe. *SLjipposc theo alternatives to bkei- iee ire not. the:

puU(/ias-of(/-i%'of' thle aIlIterMnaiVe systems hult rticr11k. the (e'/~)ai(f)ti'
f7CXt--.v/ae Of' such weapons1'1 ill ot~hr wordIs, S[1pposeý thC LrILmest mu i iS [lt
"Which weapons., should hc procuredL an~d opera`,tetti I uead ýit ik "X Iiich
weapons should he deVelope'. ftirther?' InI auuwerillg tI ,ie latter qt~uc!tioru.
we caunniut mechauliicaliv apply the test I useil to eoillpiirc fIlcuc:tircnirt pillicies.I

il're,;)usu' isý tha.t thec pa:vntfs and Costs of' procn ing ;,Aid CopeF;Iitlag the.

wcap-oils ;Arc n~ot the ~;anil, usý the pa olys an1d costvs of iieci'diimn to dcvv'loms

tueni. 'tlhe peittir~lmauce anid COsts (11 hlluivinu Zoii
systems intdietite the poh'c~liaul ptiviols" fIno'1 th sccessful de:vtelopuincIt of-

eaIch oiie. These eStiilteuts provide iluf'oumulution about the p~otenltitil woit I of I
aiternlut ye weiipomus, if suleteessf OiiV devlCloped. ()ii the', eSt ide,' theC CSOItci tt
iti rctly pert inti~nto the developThlent decdonl aIre thle Costs of dectip'eluif1 mecaICti
'ýuafpois to thle nezt "';iuy, thalt is, ecwltding plod ulmelutaitl : imitiidcs

No)te too t fiat the test, osed Inl Coll Ipalri Ifg adtltei uni 13e fioeui :I en!c poiit ci.
>asnothinig OlSlit ilie h0et patti tO the dl'VTiOp~lIieitU ()I .;t~li:%cpoi -A"tIVII.

The aItteriutitVe 1%t~l' inluCLde tat Mill"n to decvelop a tvaoi(IV a rei

Wit!) detiCUIUle df(CtJttMitStiVII till :It theC inmtwtt. Mr (h) pliOneeelij2iM' ;i11'dri
flncse weaponl sy.stems' Ms oine of* Imany step h1ý stpofnsbiti iiuc-' witth prei 'il-

nairyN tests of conllioiienit'. eXperiion~ll oiliiurtiins anld 'ei ic., of IrC~lkit

hmoaid midck* l wc). ( L hon ingt NeLfLUCHlc Of dVIOcvef1 W'Iit~ll ;-Z1u s a ditlereiitA
pimllide ;froni cither scluetiiiu. the iiiltxf(t\tifUNtolvln i

choosing'ýthc. I tie to he prieiircini
TO repeat. determining the lmIv.-Acstsytm to siii~iultaiila 'stated cnl

it , pertinentl I to) development ai we~ll ais tom procurement d-clislion. 111 the
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Signitlcmioce ofth Owijurtysis rddifer. nt in the two eaises. A, good. criterion for
COrupjrrtiIg pv:OeLrIFC!ICIi pol1iCies ior0i10 h-e at definitive lest iný Colni;arilig

devNelopmncrt piee.

§4. A\~ 1' tAN BF. !oN 1-

WAhat ca--n be 'lone to keen lhat cARiioj Mu , luind fus an,.i i.?i~ Ve pvs - *

effimin' Al yeciiiA mnnir is to '1e careul', hUt perhaps one can be at least
a.littie more specilic. lIrNt we can gui gainst nonsense tests and the ru~ore

obvious evrors (lilseriSsed abhove. Second. we canl make ca ctl inquiry into

K ci\% c it proiat te10 stsI-- : It higher level criteria. Vhi clsfo nlivcl

Ci1lul WXc eallirot just pult our hecads inl our hanlds aild~ comie tip with Correct
I kiteil by means (it introspection or intuition. We have to keepl ask ingi

ws lit"111i the Cr01 lnon is collsisten witl highecr level, tests ando. whether. the
tc I ae i 111( aUCcOLInt ltjOI cificcis oil, otheri operationls. Siech inquiry hais
lo, b.,'n ctd ( h,)c basis. We canonst analyze alternative criteria in general

21011 '1 c 0rII Ivii'wh aI jlorinan,ýn sitelt of, accep~table- ones,. The -,1ppi otiriate''
test. is peculiar to eaoli proihlciti.

Thjrd. we Canl conipa re [tie systenis in termis of morine thtan uric test. tint
look for utoniiancc~e %Nith respecct to these teStS. In erini1parinej policiios for
deterr-ence. Stipposec ses era! tests ire used: 1oilioiuilii cost ofl acioyievitte a
specitiel caitiahititv with two tifflereitt tvrgi't otiletlives or two dtlftctnt e'1.Itov

Ifttic. 'cyn ý!tcm is besA f.or ati ttrese: tets. [Ita domm:!w.5

Foiirth, WC Catil try toI us:- a foi tiori reasoning s etcicvu tioSsible, that is,, to
ics l tut it a1 N\tiCir 1:, best in onec set of eieuiiisti~iuccs. its i- \6t.i st11

strongcer force, best ill satire, other ;(et- (of eciiiiistarrces. Thuiti' alti aircrittl
SYSterit tL'~ tnetOtit to he be-tter thin aI miNsOil %sstuorl aeiiit' soft tar-cts
onIe CtiUrtd iitgiie that thC aircraft systemi ticealise of its grcelte accuracy I
W~ould~ SitW rip) aill tile more 1litvorahly aigainist hatrdi targets.

Fit e v can -.cmietjoie allo, tfit shor tCoifii,:, o' he rit eo when

(tHU 'tI~llv of offllensve SNsteitll shosvet thatL a parti t1ir:1r svy~clii %vtitlit

prlmh oa giveln job at ririttirirrr cost, V'et toiitr11lcd fiat thlis sti
1111 t;lCCIIlt Ad ttIrCLiAIJHiitv ririlhit Well lhe fOW wiirst I utter I toril 111C e

00H C.i1iM , xvi: ilty &i "Hrte iirsJaiiei, pct(ilt tor iii 1cfuiisiiiiis 11 11 C
e'tdeit itsun th le tuse o! ltus neat criterion. Ill oilier wýords, we. can

"siropls spell out. tor seilsi-hleitterititives. certainr relevant comlsqucnrrecs catted
costs arid otherS. catlle thle iclijveitcieri of 1hj1C es th ialls st (1 Ilie

W sonlier naylý thI l1euQ, tc rinformiatio if) iimak in g r~eloril tieitidt ionls. thi's
- . ~Would tictti kvisir jrnlgmiieui ill drawiing Ike. ciiiclisiuiný rathecr thaq in

'dvsnta definitive Crii lroll.



Somec orl ;III oi illc~w tnirwi hý l 111c 1'wen donu. 0ric; pciriosbcý

Il' 111' -j'0115 SiIdIL-S. I L IirI -i~~1hi do noit pintll Olcw r out w

~rndr :r~n~vru~i CtoFI W.'- Nlii'j IN, orlnrioii probtemi k tougth, its Iucis'Cil~itifll

Y 1hrt otS~iX th mi~mscof ,tcnrlo '-Judics, ai,1d Iulmc h uai"'"t
stL'V atiilcc 11 Itn'mimtr
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MALCOLMI W. HOAG

I here is a very geneiral sews'- III whiCh t-ost C IDSidCratIcn .rcrleat ;110 nIcI.t
1:11W- ,- i-ohaev to roost--of thie dive1rse niie tl:a I'll! lundcr th,ý i .lcajn,

of sN'St~ls anaalysis. Whenever, foi- tHie at tainmient of a fiixed level Lit aliiv

objective in a particular operation, wve seek to niinminizc the. drain uipon the
iliplilsr hU-call ,C lliCey are. xajLtiabic t0 file AttainIIInCutI o1' Ohjeehyý elsewhere. I

':we are conCerne~d with' thc minini mi/at on (if realI cost. yRca Ivl cist we~k nicaji

thec valici of' the alternative objeCtiVes that are- sad liliCed. (1C )iC ice w crOced

heyoiid this gicnieiait~v, 1IowCVer. cost CO~liiCsilla ions arc relevaint lin difirciit
xas w 11)"ol, i11rijt'io'l~ls ivs0:12;lih stilties. Sonit.,ii'iis; wo;1 cs

aliC peitineilt. Son1WictiiS 1.0' uh:1and where i al costs arie pertinent. theyC niav

siiderationls properly, it is iinporlaiit to discr-iminate ailong difloere t rlvhlpsý

of problems.

\Vhen the1 upewon s 11)115 huhLt Is, col c'i iicd \611t h sceiliiii vi sn iii 11 outi puti

1'011iii ilpltS tt11At areV 10thi fixed :;, total iiiii0iiiit mt11 Sp('liCi It)i lhý?0IL' ou ist

(,e;can identity' a1 firSt C:if'lctorv 0 proiiieiu11 hi w'hichl not cost couiii iit ion

enter. , iftie inputtis aire really !soecItic toI the one 1use. thev aiei ot; iio \1.i4iC

elscwhicie. 1l 1 a cost. of theLir' eiiipiuviiiiit Is /L1(1. I (ii~ls'fliCilI.Ii thC oili\

Advice uIlnitl (:051 ciisnichauons ihit is r-cec\aiit " t11hu i i) 1wls iiiS

Silhlilli iii(wevd \(ithi hi 5tIhiinithiii\\'hrd 1i~\tiIii/:1Ihui iiititi"Oihihkd hbs ipis

Iuistoiic-:ii ill(Iiiiiriitioiiu oil CO"["t-. 1111 huc III;] impeuonef tiic his hit.i isrliw pmliul

ill icoliiuili/ in ill t i ue otý ila: particiili 1111)[11lt'ci ho C.ii 4 it \1;1 (iCC,

hi a it 1 C(S onil teý1 rit I. i iu ire i n)' p rit l uu ils ro a, ] 1i 1 I f I Ia uliy I okh

fii~lt2te Coiutiddiuhis lhal duiehiii ttins ehitei_,Ii I. :itholiiiii it P, pinhiflk.t 1thu1

Thiis chapter whts t-'hlibticd ill ()pirafiwns Rcsosib'. vso!. 4.ý no. IAiItIu\[ I TO

pp. 4418--459.
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\,cry fewv would meet [wise conditions1 s;triCtly. SuIppose anl anallySt I-Or theC
Ai oce were given the problem of recoiniiendmg tactics to ma i~nze

damage to aI particular kind of tailget, Subject to specific constal1ints of ci rrent
we-o n and airplatis uvailabilities. Clo'irl thi is for-.,;dfb, prob t en .

There are miany interrel ated varlables of' inter~est, and many11 dilienilt problems
of estia11.tion' dre bound to he involved in his analdysis. Inl ordC f to provideI
a 'convenient hyvpothetical examiple for present purposes, however, I assuni

that ~ ~ 'h this bard pr" cnsl~vetd.

0. 2. 1i i IN1 1 INPI IS, Ni 11 Tti I U Ollij11 1 I IV S

Wve Can iden't ify a sc~ond cAtegory Of' pr-oblems eCounI~tered in puprt-Oilios
research wheni [\wo or* Inore object i ses cOMornpte for the emiploy lent o(f' i ii puts
"whose totall gurr , nt Supplies are tiXCL'. 1Let uIS See 1h0W and why' rea;I Cost
eons iderations eliter in this catcgory.ý of prolems. a ItS :11110.111i prod uCt ion Costs
arc not inv\olved. Suppose We, lIaV two Air Force eoiiihat unlits, aChII aIssigned1
aI dil!-rent kind of target, mnd each eag~er to maxiniilze its eon ~ibi capahi-ity.
Supipose further that the avalilable I nput" Canl be conveniently at'gretgated into

jut tw,,o ienis, unit,, of fissile materiAald mIII numbers ofitairlplamie" of aI particullar.
type. I assume that the initial allocations arfe 8 Units of' tiSSiue nmaterial aInd

3 airpae to iv ype I tar-ets, and the exact reverse, .32 tinits ofl lissi le
111.:-iruiid anid 8 aiirplaiiýs. iii 'i'\ pC 11 LtiOgets.

WVe Call iiosy po'.e a lillereut!, or, if \off liki:. higher level pimhleiu Io
eJLipCI-tioilis amialvsis. C an a IeCtter' MOillocal it of theCse tWO aIrgt illinuts
hlt't,'ee these two tare"Ct o1)l'Cetivcs bc recolumemided even if' we are iinalIle
to relate the mlilita'ry worth 0f one kind (i atz get objective to the wvorth oif
the other.' A better illocation c.an cleairly' he recoinincudesl if' we flud ilhat
inure of' one objective can he iattained without loss ito the othecr, thatI i,. it

the real cost of, the one objeeiive ha;d notL been ininimixced. Now the problem
of- the oIperationis analyst is to) eStablishl tile coiidittous' for llo_ 01 these,;

illpijts that w61ill in-tiuhie reall cost.
FUor thisý dilleieint problemi :Ill pe1ratious iiuilvst wotild have tol estimlate

flli each kind of' tarIget tlie pr1oh:babei cslu',Ll [rUInI ;ilteri;tiVe en11iiibitionis of
the, minputsn (itiustion wlieui. lor eact oiiiito coierd thle n1iax 1iriiii

possilble reu~l~t IS S0,Ilt.1-Levc I siuiplc tivstinws tlait the hatrd work ofl thi~s
.1i1.',. is (1011.~.i that the pi]ill rcatiii'; hetsvten dillereii ecuubiinii

tI 10S Ofi i 19 ot ird ont. .!!!-,Ve been-A Cstilli0ICe l. 60Mov'v ix'l n,

coiieiieiic ofa hIvpotIlet~ ca~l ealilile. it is 11YA11ucd tha ths r1tu
lie itlpro~miiatai ill ia tole~rableý way by very simitple foueitioitsmd a-sstilii thu!
one .. 'NL Inc5il ol n IdyAType Il opera itions is th curv dra illFt' I
Tiii at uirve des4crilics the altc Imat ye, comliinatioiis (if thjese Ivi on atitS that

W0i Ild lie consistent with retention (if' tile target capabilit~y that, wvas thle
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it" t1XI ItsUI St t1, it i %\.JIill I 'i'; tel liti~d a ci lilt oft1t ii ti i t p li t', psid c t lii It)(11 til l

i iiW iui> hI-V i-C li'ik HI il)[ tue i~icruij. t I'M 01C o vCf ',ib',itt itittii i llei iiijpiits

ItJ If) ! itt Ii I J~i I CaCt i LIt 11111114 d' Iti tilli 11t it iC I till \w iid In I t Jilt l'i I

to l~lc noI- or c in I r! týtmld wl i ll' t i.i

7I tItitm. forI 1., I I huc Iix t rgi o i s ,Ii tI tr I bKIit ýt III O its I Ilh I ig . I I I I I l" t '
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happenl III piatctiec. Thc Iiihitia1tllocationis iii iiiptit's to tfli tWNo iLsv'5 lliiLlL

have been derIived quLite hidenendontfly, mid nir oCCaISion 10r 'uirtiilin! lbOUt
any COnAihsteiiCy ill a .11Clotibols bet vueel thle t.wo useS Minght licvCIr hac arisen.

IL !k O'ven p0Kszibtt' libt thle diffurence inl initiatl inpu)Lt tli opol tionls ar~ose ieis
Lthe :p1locatIIOns we WCIa deeded bI iv d1iffent opera tianis P, e. 'rhlipii tile

iflitlL iltaitOit to TNTe I t;irgetS Vs LIS deC~iddL up[on inl tile 1ILut of .11i operal-

tion aiialy"is wh'ose Criterion xsa" Ihfull of' ilixim.i~lil 1,i1,c I i iget outpu1Lt J)'

)ip v ntilte other li~iid. anil operatioi 1  intialsias tor Type 11 targets 'Ilwii
1Iv IF~cki at CNictrioll ' 01 mixiIlii.'Ilg tikl' ' l' oultput per a-irp;'Ll h'

of a naturalM enIICerit With 01)11ratiollal lo"Ses. lither eritcrion is obviouisly

iiieoiiiplete becaulse it e~oiieeutitratS uIpon oneC inpu)t LsIS I1 tie rea~l co-t 1ot1
Ceivpliiynent. of tbec other- input illqucstiow C' nicwre Lo . ros w ee ol

too0k :It our11 t1WO 11loCafljull'5 Siffmultacously. It is cofl-vc 1lic!1 :tLa do so bvy

tuniing the. d lagrain that. applies toWp IIP 1 I ar_!t~eS hb 10 MIl in nder 1.o super
on1pose it Onl tile diagraml 01t1t ;lppli(" lo Typo I taiiicts. That gcilerlt.s I~. 6'W

inl which 'allocationls to lype I iariets are ulleastircki by 'tile lower set ot am's
aind allocations to TYpe If by 111C upperWl LINses 'I e iluitiii Io iloc 1t 1i1C t IthtWO

tiiagialli Inl wniclt iuly point rcpresen-tS a feaisible tlueoAtioii hefwecntIn:iv Iwo

BWu 61 cdiu a'' Pill-Sal eashle. -,tunl Ln,' i5. 1-ay!' ttc!- thain kte's. I
Wthat is) wriong wvith the in~itiatl 11 Iloclatloll IS beSt ste~lwii,t i~t't~ he. 'tiim.1iiii

tile 112'LItL ot Cjliiiiigiiig it. thec general tlictiuit ot ý Ik:e\ aliItfiii .lullilge i I
easily perceived. kor 'I ype I targets. localie materC~ialk ýi, ,cil-cii.C that t1he suh

Slitittiliii l Wilie Gt, ulne Mlnt 01I it. is Worithi tsli tillC h lic"Il 1!lC'a~t coiiiti ;1,,, fislo
imiiteriaiI lr 1Type 11 targets, is SO ptemIit~ifn [slat. 11 Will 01' it gI, Vidlietd Mi

Substitution termls at onl', omic-totirtn1 (!if ;I plane. Hecaiise ot tile greýat ill-

coll.isitelic\het.v'eeu the tulb-itt~!lo sll vlie, of jll tliiie i l In "( t 111i d iften

Se,,IL:;-i 1011 11I11 O~il I iUtnat .,Ain by' 1Iitd ug inplits husseiný thlesc. t\x( use,1:.

Slipposc, tor exaimple, 'thait jIIt)11t5 ae i[W tIM'd bv)sCIVICl the tWO C(MI~tllliit

iilvoi1vei' 01 ileth fNisýi-thalt CAis1t giVes, opl uilh MIiii ot itS leY, Vl'dihi kindt cd

iiil it. ll titter tiIo g( olc i it of ttin ku t at0 ili~l t vI, i7: r1us i1iioic "' . i

they ireCtrJIurfing atL terms of I.I Iuieh ee.iliiliamn oill mirkeuill 1, f ,I!,-h

it traii-saieti' hii iti~illy S chitech hee~e is wa tfurtl s h iAthat which given. Sinwce triade I, ".) 111iltills (ipiai, nb,,flsicer toI

eaiit.i A limuit 101.to n itua ";Ill Ii Il)ou x eli ti wtnc is1111is. of Ii

litei.Ilws tl~wsubs)titution valuet ofI ur"It i11111it fatile h. nithC iei hC11 WIi, k- 55 I ()ift

ch'arugI. ill all otleitiiig wxly is truleC Orcc Is. Un poit alt whiel theC liiiiit

wouid he rechedcr1 for_ teXinplj.c i5 l:ý ini Fi. At P: Olie adl~oeatloii v.oniutd
be 20t) ins, ot lusile tptriuld mun ._( planesl 1 to CI e cheiiiiiuaud, aunt t1w ra1 e
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Fi-~ile material a[Iocaroed to Type 11
iii 0 0 15 10 i

F- ~--~-~ \ -

Fk ii atiu ial allot atud t Tyin c I

Fig. 6.2 foint al locationsi

ofl SHii Iittitn01 be~tweenI the tWO iniputs for cilher kirocl, typc syolid haVe

ialniki it) 1 I in r oivciondcnce with theý irading rate betweenl themi. 'I-here

votid ii1 o lotiuc he at iossihilitV Of traldin' a leSS Va!l ned [or inureOF V;dI nd

inpit . fll[i ;11moi m fliii'Irulin P]i to Il;i. the Combat etipahil ty of hoth COiialll u~S

1 licele tie ('Idler siiillf ill 'Fig. 6i.- lhI tt -it slfy 11m, oiitltiisn of aI 1-0W Of'

%H list ittt 11101 ViiATC'i The ONOu ill[WtS~ Ot I I ill V;li'i iw iL:; rate iii iiakcs

Hiic kiim ).. Iic co~'-nformi with 1,61C ratio Oif tot~al inpuit avai labidities. 'heepoilnts

uilliie11C li,cst Of eflicientl tilioc~itioils for this prohici i, -Shown *its a1 doffed
lin". ']]asthe property th'it more Of One kind of target

tiii thei else, with injtbcient alltionus like the as-iiid initial onecs.

ioiyiiet~c~laY, it ri iiiiolitallt that1 adlOCeatiJinS of JuttedCL hTpils hceNLweeii c(ItIi-
-fi ill- I~slea lt tIis iiln ons d i- hoiild lie [lie ob~joe:1'tiv

ha l,ii o, lie ,will have uestihlistieulltie tieeeu's5:lt coiind~tis oition .) ~ inii/iii,ig

2~~~~'Adl 1 le.itipi1 ellitl isiiii t, cil ipilpiicttcd just eiwngli to be- realistic in
(Ii-losstt t eu I;ictck. (f siiistitlit~ibifity of one input hiOr the uttiei as

M10i"W1ttiitit 11tjI()LL!te~l. ;iidL (2) eXl11itiilig COWCIisAn eun toi scale, that is. diiibliiig

T r - 2ý 10 1 !-A! I'P.

ant-d ;I P:tr!s? ti.1
Targets s- 0i 20) liii
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thec real costs of ohtaiiiing stipuiatcd arriPli!F of onec objective in terms ofI

tile other ob-jeei ive loregone.
heanalyst who , works on TIype It problems miust derive measures of the

Oreiy alu inhe ~xof n input in terms o another, which mnay,. but

pi{~bably will not, accord with the past record of file Prices at- which one
wa ,LU vU! sucured relative to another: 'the hineasires would only be in accord

if past planning had been optimnal, or, it y66 prefer, lucky. Incidentally,. the
dei'ived measures of scarcity value are by-products of a linear programnming
optimization when that t61chniciiie is employed, and m-ay bec familiar to some
ats "shadow prices". The analyst. will he conicernced with the achievemenet of

consisitency in the scarcity values of inputs in differenht uses. The "operation"I
at issue then irivolveni more than one objective compe-ding for the same inputs,
and triat ,operation mnust be- looked at as a whole if appropriate measures
Ol, ociffency ire, to be derived from- consleiderations that are Internal to the
analysis.

U. -1. VAMARI ,11 !r N!41T Stý't' I' l 1 S

'The problemn of an operations analUySt May be longer in range than the
exampVc I hlaii Wsed, and thecre may be more time to adjust the operations

in quesition. Where this is the case, we have a thir-d category of problemrs
to whiicfi the rest of ouir discussion applies. Under thcse circumstances. it is
no longer appropriate M solve allocat~ion problems as it the aggregate supplies

01f inlputs We]( i_1XCd in ;tmoonir and specitie in- r~ii ro. dto !;(, wauld hIe !0
ignore possible great imtprovements iii ciflicienicy due to chaniging, the
foirm and amouonts of the -npUI ot bi e suipplied . TVhe same orgumenl ~for con-

sistencY in the substitution value.(, o. diferent inutLIs among alternative I~escI
still applies, but anl exten~ded application isrznijir-dl. trr''''.~rt h

uhrfo litimately broduction costs, becouia relevant. We- Must now ask,
"At what rate can one input be Substituted for another, not only in use, hUt *
also in prospective availability?' If the(. rate a0. whic mcle ii iput can he made

availahie in terms of the other diverges fromn thus rate at which the one input
Call he! expected to Substitute for the other in the pa rticular ISe in questionl,

theore arc Opplortuo-litieN for- hther imnprovemnent. The inpu)Lts to the onie opera-

tiniu arc outpiIits elsewhere in tie econonky, and more of one cacnli e obtained

at the cost of less oif the othecr byv Shifting eCSOoreeS fron1t theIC01 prdcIono

o11e it that of .tlii other. Shnould resources, be shifted?
T he applicaItion of this cXIvndoIt test of effcicieny is simple. only if it is

clarht ic d p~ i ate general cnnsti ainit i ac budgetary one anld if iin-

limited quantities of ill the inputs in questioncan he. bought and sold at

known prices. Or, if they can he bought onl these. leriiis but not sold, the

test is simple only if tbe inputs Ire similar in vital respects, namely, in otior

military example, it the~y can he expected to have a similar service life. For



Vt EM I-NI' AND) MVTIIoDS it", 6

our Military oxamlplrfý, we should 11: rve.U Sr''-ICS1 1.16011io only if WC could buly

and sell fissile material or airplanes at a rateli of. -s~iv, two nnmts of fiosilr'

mnaterial for thne samne price as ort airplarie. '' -that is pol~sirle. We- call enhanice
our. target cu'imbilitier or reduce our total costs still further by bu1.ying feweýr
airplanes and more fi~ssile material. ,A ncv set of efficimnt allocaufons wvould

bc deflnedqr in term- ofitl, con-4tant output curve ;j- Fig. 6., it would no'wI

pay to move to at point on the curve at which the Cate Of Si~ihsti'Itltr1 of fi.SSile
material for airplanes would be expeCted to beC 2 : I rather than 1 : 1

But ourl r 1 141- CMtary exr peWas chosen to .aise somte hard problemi-s; Vvhal

es(ts fw-rtmo ,ef nt t- wjI-oni. ;r.!v lo~w :;r! th-y tO h10 Iit t'2511Th i"'I 'll W1io0n11''

is an espeeci~dly pertineil qtlie~stiorr becauew ,r least two goverrnmental orgail/.a-
.1011S ire irrVcrIVlve - dit: Aii Force arid (lhe ALoulie 1,irergy 'rrrsiovr

Opel.1tiOnIS anal,1yst WorkS Oil aL pUrely Air lot cl opl Or6izar ion, cleanry hie will

get an a nswet thatt inifi a ry citpability will be maximized for given Alir I orcc
budgets liv uLSing fissile mnatera olieal that further uni~ts ~ isl
1111tterial cotinld not Ire put to axy, use at all (that is, to ar poi ii liefe lissiklec
material no lomger had :ny scalrrcilv Value). Ftroam the Point of view. of' the
I Jnitcd Suates th11is is undoubtedly a' ba"'O solution because the t:xccssivclv
Ii bend supjplies of' fissile tirrterial earl only be p~rovidled at real cost. Un get

any sort of a !ensible answer from the point (if viewv of the governirwutt a',
a Whole, a joint optrimization intist be tack led] involving, the operations of the
Atomnic. Fi err' C'on to issioli anti its curren-Clt and piospective customers.. Need-
less to !;ay, such a jorint optimization is ai staggeoriig pr olieni-lC.

lihe prl-Olnr ol whIs WOcCosts ought to be ConlSiderert inl the ana VSis corres
uip often ill ý rperartions research. "'re an1alyst mu1tst conifinle his attention to a1

'ýorkrlbly sriawll meginreit of' a problem, but hie ilirust beware tirAt ro great costs

or beneflits ",hI! -spill mver" between flthe operation in q trest ion and otirer
operations are ninruprorlv left out of ac:ount. !For examplc, in thre design of

a ar par king operation for ain airport,' one size~ of lot arid riigpoi:~ a

be dwriveid fiorm :- criterion of rrIr womrwra rief pail: i1ng revenues, an.d anatherib
siz oflotari p-icing policy from the cri-iierion ofii ~ mairr rinirg r ret reveri ics,

for the- air opcro~titrrs us a whole,1 . Giivern the first criteriion, tire revenror l~rst

Inecairse a few peorple will not be abile to park,-arid thereby will mriss th ei r

planes, might seem a siinall COUSidenintiOri- 131ut 4itmlay ire a in ajrr crrrsidCrirtiori
so~~~~ ti- Tjc ,'~n, '~iir15 ilk: over'-

t~Put a suggestive unclassified discussion, see S. 1:n k c, Somc 1,' colronlic /Isprcc1.
of Fissionable Maierial, The iRAND 1ortin -4112, Njveniher 25, 1953; atlso
publislre~d in The Quarterly Journal of Vrontriomix, virl 68, nio. 2, M;ry 1954,
pp. 217--232.

4 S~. Waldroni arid J. Sieirihaidt, "Comments on 'Eva~irating the AdequaIcy of
Airport Parkiing Lots"', Operations Iracrvrl- 43 no- 1; February 1956,
pp. J22~-123.
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'Ilic pro'ler'l o1 s\ial CUStS iCC to,.IL beCoiSI(ICrIT' ii air allied questionll t
assumenl here that the opra 1ru;dn yst hn soute l.atitude ill hoosriltk or

advisinig what col uh to Ili- considered, rather than simply' being tolId [thc
ones to conisider. To revert to, our fissiic-nuitcrial illustiation, ani analyst
taCkilig the 01.UIinJtOiuS joint opt11iflleatioll would like to estimate expl icitly the;
increasle in! a iicrni t production thlat wo~uld he Made possible by a1 given1 releaseI

of resourices froM iissik:-r 1 teri:ll product ion. Stici anl Cstinmiatc \votild give
him .1 real 1'measure of aIvailabic 1.luphliS of thec One jii tcrn s (,f the oitnc ,
oiigd that 11e aSUreC could be c:oniparod t his11' estimnitte of prospective, slb-
.,IL I; ik ithl v Ill ir.C. Butt, L13 vi-' ZilH1j ~ l1CI! l t
altercl piatte'rns .(It pidcint.ial A place indi cetly iatbt~i ttiain

directlvy111 uttitl ''ih aiul suhtlie ranulilication;. tilhe lligihly qutalifldc whiliical

Ili 0 -d dOCS Ia 'I 1v rca' 'l rce X c Al t -:101;1
Sp-1 :-1c alisýt wi se;lItfl. It', for a1 particular Type. Ill problem. [lie dre dot
inuets involved inl res-ourIce Shifts, Canl he:- tineci I cxpl)icitly bly ani operut~iouis

manaly st, al nil si i sflactoy ni eSLNSue of comaaivac rcal iiSOrC en~ LVIed,
Id power t,,, himt.
it comoparative real costs cannot he derived explicitly, which is likely, the

opt- lithons liniilv.t is left Wili th cholice, be-tween Iwo brod literiiiivs;
can ic ai measure oft cilicicuecy derrived truin cons-idera-totiIS inIternll to hli';

~inalySis t14L at, d110t invlveI' rod CLICti~i inCosts,, or tIC Carl 3;sM11111 that a dollar's

c01111:1inl1 over resýources involves the nafiic real cost,; iii one place ais in
aitfnliv i-1 ;hr ecossrsm' "In sailbshi itiee,t iii:ited~ mooney\ costs Ior reall costsý

inl his :iialvIs-*-. Neither alte-.1uativc is I aticttY so iJaetory. fol-r aimli is likely
to in volve soini ii luit ram v m1,iicn 'a t r' nt ta tst

to he grimss, Iliwuvet., it thei wit lyst res-orl"to Iii d lii st ailciiilativm'. Whait i.-

lins mnitasnlic ()t (flicieticy to lo'. One possilb-ility is to) u1C thesiit e smiI oit

u icasure-s that are appi o1 riatc for type 11 prollctins, ariTd be Content to
SO('k Cons~istency in scarcity vailue-, within thme op-erationis ;il isueIl onIl tile

11suii)iii tha1 11cil Milt Ir;s)CCHi o brr brICorr ri

operationsl will govern Ifitijie o_(perations.ý lIn this :ase, thetremioiiofei
s'mmoilcatiud'-sops; ,sort of IIm oductioll costs., But carythis; ks in :miswe,3

iiw it igriires 'Type IIItllc; rahrthan simlvis- fthi-iii.
Aniother pmissihbilitv is; 11` sid-Ititiite cificiency iý1a "Iiciii 01 i (to iil ot ill'tvi: f
u' eititutie 11c~tiiI Numa "law imiinnimtl li te l d: 1 lv lastl

ii~~ ~ ~ ~ ~~~~~~~~~ -A a X t~fp. al-tl if tirt' ga l~rtilmaii s iel ipms etiituf b:;imi

V(1

required io Iusw~r dir::ct ianhours -_~evc the i irinputs itmeluilcd inlth
incaSLre ii ay nu0t. be ýve ightleu appropriaitely. Wh at. urL the va1 no of a Ii i,,!ilv

skilled engineer maii-botir relative to a.' ceritmnsm labor inan-hoir'? The( irieltsrri
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of all the inputs in* the measure in an appropriately -lay~k~ -is vye tfitred,

atid iha[ niieans wel 1ate ;ak at tile Stat itlig p)oint it L oý ý.nasurcs of

comparative real cost to supply the needed_ wci-Plts for. iboi 2'P'~
The second nlternAtive of uising expectedl money costs %. ipp.,tea1u es ot re ii

costs assum~leg that relative prices in the r, ketC place are I~pptc'lneiSUresI
of the rates at which one itemi canl be substituted for an,"V ;R producion

The analyst has only one argiiment in support of that asst nliption in general.
Suppose thle exttecuid telative prices oit items ditrofromn tUhetr PC~tnat ii

rates of substitutionin pro~ductiriti. Thy~it w.91 rniake sonme line,; of prodnctikin

miore profitable thttn others. In a competitive economly thle mo1re .profitabic

lines of production will tend to expand at tile expense of the les's p:roht ,ilatr I
adteresultant altered flows of products to th maetwl tend to, bring

relative product prices into conformity with their rates Of subhstiution i
.produtction. Ideatlly, a tendency toward perfect conformitty will. exist. The

strength of that tendency, and hence the vallidity of tl IC geeal SSUmption

that tlie operations ana lyst makes when .he uses dollar n icas tre.,, of1 costs,

uif~i~ .titc.hi pon igcncr~al policy lincasuycn that arc likely to lie clutsdc

the purview of any particularf operations analysisý. One can only tmenti'on here.
for example, that governmental antimionopoly nicastites vitally ailiect tile

strength of that tendency in the economny.

6.4, Sum i; siijL( A ASPi 1IS

One Of the gt'iterat filltietous oIf goVern1liilen regtlaitotry ceors ii-

'Lidetitally, is to ~onlvert what would otherwise be. spill.-over" costs and benefits

between different operations il the econonl' into cost s and benefits th.tt are

internail to the decisionimaking utnit atnd will appropriately constrain its actiouis.

Thus we want to taix smnog creating activitiei ci tough to tranlsfer: thle cost" of:

X. gniog hack io. its crea,-tors ind give theni ani iniducCement to lleCviate it. 'Ihlit

general, Iunction of regulatotry mesisis especially iC1les'ctt~i io ot~qt liions

researchers. As this function is better perforined, thle Validity of list ig 1i10oney

c~osts in varioLtS operatMions analyses is st rengiflcued. And to 11crforni Ithis

function hetter, mnany good operations analyses arc 1i~dd IIere .1re ni taily

Situations, particularly bot 116t CxeliiVCly ill 9utVCrnII)clnt, whelre rigorous

demnonstf~at ions of thec cxistettec antd niagnirtide otf --spiil -ovci* cost, aind

benefits are required to dcfitte truily elitictiti operations, btitt those tletmtttttst

tions; ire 1ack ini'.

MVjy get ci al arguenwrt is that an operations analyst i~s nul ik ely theable

to estimate comparative jprodttction costs explicitly in,ý real terms, and that

the ubstitution of estiniated mioney cosis is [he icast unlsatisractory or tue

alternatives left himn. This does not iniply that he should useC conveintional

money estimritles i incritiectlly. For a particular prombleim, anl analyst. miay find
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g-ood reason to alter some cost estimates because lh- discovers dlivergences

between conventional dollar figures and[ the real resource costs that are
",1pertiulen t to his problem.

Consider an analyst c~ncerncd with thc planning oif governinet.1t investment
proJects, say, the building'" of dams. Suppose the usee of c onventional market
interest rate in his Calculations as one cost paramneter leads to a 6crrimmnicrci
IS01 is IC of ti IIeedrs, eaiclh Of -In ambitious size. Butij suppose a congressionally

imiposed-budget constraint makes it imposs~ible to build all the dams that big.

One feasible solution mnay be to leave the plans of two (lanis unaffected, and1
drop the third. A better solution may be to build all three at reduced sizes.
The Way to. tes whether. It is a better solution is to calculate what the scarcity
value of capital funds really' is for this govternt-nt opcraitim Af vamriolSI

budget levels. That is, at what percentage rate nUistifture opposed streams-
over-time of costs and receipts; from various alternative investment plans heI
discounlted to' mrake those s treams CURaIA? At a particular bu~dget level the
investment plan with the highest rate is the one to adopt. Capital funds that
havc 'a productivity of 20 tker cent in an operation should not be diverted
waiStefully to 55 per cent uses just because that market rate, ot interest irrel-
evantly prevails elsewhere. The market rate is relevant to the privat fIn
*because it can hedget a probable pajttern of future monetary returns and
disbursements byý investing or disinvestirig in the market at about. that rate.
Consequently, one aspect of an analysis (if the investment plans of a firml
may he easier thnn for a gover-nment ageney. But thait alternative of hedginbg
is nlot Open to a gover inniciit agerv'yý theoior.'iial ii ipo~;d budget
c~onstraint 'Is especially determining, and the spixcial teatiurcy of the budget
constraint mustI he takein into account1. lDilfre--nt si Iilat ions, Of COUraeW, call
for)I difCferent Solutions.
*The treatmuent of time serieýs of costs is anl aCtut issueC in our earlier military

ifllustratidnl. 11f the eosts of fissile nmterial aInd airplanes that would be incu~rred
by particulair choices in various fu t irn. years ai e siiin a ted, how an. icey
to lie smmlnedl into one measure for any' eliectiveness-cost comiparison of
:i~lteriatives?: i hat Issue is acutebcas Fissile muaterial is longer lived than
.irplanes, arid may well have aii appreciable salvage value inl future yeatrs.
while the desired military capabilitIes cannllot be Sought for o-nly One pairticilair
contingency at one particu~lar time. For our inherently imprecise miilitary
problem, no one neat solution is possible.

But we can imiproV- Uipun thei arbitrairi ess *of at typical ~imai mof costs
ovcr v years when one dollar in year ni is 'valtied equally with one dollar now,
while one dollar in year n + I is; valued at zero, aI procedure especially
likely to make our choices sensitive to the number ehosen for mi We c%)n
apply various .liscount rates withrout such. an abrupt diicontinirity, expe"r-
uinicnting with higher rates, of" discount than t~hose coiivuntioo-.ally eniphmyI'd
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tlic Sensitivity Of ourI resu-Alts to suLch ye rili tikol JIn 1,1o0t, WC -canl and.ý should
plty seusitiv ity tests for this rote as tlo othpr icriticM alParam-,ete ill our

alialysýCs of tvhosc malgnlit~de We ca nu1oti hec I. t lilt.

(-nle (-cncrIii disclaimerii iS ill orer lie 1110oot thm.se remilarks Only tilea
ctieieiiell aLSPect Ofi chOiCeC ['10leIS IVIZAS beenI considered. byoly- l
objectivecs canlnot be reIulled IIto that of hr ýIitile ilotie. which is uuc reatson
jori IuSin- from he1110outset art exalint upc . lieI it Mm ortant issues of efficiencv

dan be ltandlcd desp)ite' the itý6imotuciismpi:ibify oft ditferent objectives. E'veit
in1h case aWL 0'i buSineoss frirm: it naly he ver-y diffiemilt11 to va.Ilue One. objective
In Ic ruts of others. I'lice man 'C ers of a huistess firim; may deienot otliv

h~igh niomion profits. hut a hquetlie'. More gencr illy. we may. be inieresied
nlot only1 ill eflietent allocations ot inpu~tst '1i1mtOng dillcreilt Itses ill the-I eemitontv
ats at whole, liut altso ii "lair shite, i tn isiutiomio elh i noe
We atrc not able to- r7LIed nC1eflicHeny to Ll' -0imon111 tnt0ato withl co lii%

inl anly gene~ral sensec.
-11 concer has be oIdeitify ;O1t1e :k. ta pr; , obletits raised by cost

Co1itSiderat tosi Iprtionls researeft, and to MrSf S tile nieed to dIsc, liit

ninuong groups of' pirobiemms. Ilit practicc, of course, the entifru problem Will

prokillIlV norI fill ,ilcilV liaWc onc VAL tlhý three categorwes that. litvc b1(een
idliititicd. A iypie~il prOblemI Will haLve to be handldit1 SUbject to at juldicious.

blen~d Of a1 general0 eOIN ,litiit and S111111,spicrific cnimtiratntsi. An analxst probing

for, iic~liicienc(y its :i pilrtieimlar Opme(lutit hi01xa'ip CMttay1C 1iImicoimie molt inticdu

o CCftial0itest h, iie.llceicl oefor l~~Ie rCuut Coll .ii C imi i ttu ;I cons, 11 it- Ial

level.
I miiil I lI t (1, dic Mo;o tht, nilitilui7 eoIittttindmle wvho wwiissulrjdy

Pi eS imbly comffevý is :so vall nahic its. i~ use a; ;a bcvet'i go that it should itot
he.~ ~ J( 1divet 11't suoue wni tecbtliCeahVlfietielct itt thatt UNe. 131.ttpelis

0hc comtimln"1 tv~ler was u Vito Cclu SO. HIuch 0c11%h 111at itsý urnil C0tid iid mo

udrinik it ailt. Forbidden toý ,ell it. his onlyý illteruttii~vc to 1i';ng 'it as is'pn

C011rmooiJ~d wavs to thriow it outj. Ht that vwas tIII- ' btoianirw

uriittciied for honlorinel thW VCr\ preetVCs~ if1 lilt tliI/AIttC rou cotstha i haveT

heegii t11 kit i, Auunut.



* Chapter 7

A~NALfSIS, AND DESIGN

-V0(C0N F L ICT S'YSI14,M S'

ALBERTI WOHLS3TETTEY4.

I he subhJLct of 'his champter--the design and t iutiivation (if system" sttudies--
is :imor-q the mrost important and ajt the samne time'among the mnost dillicult

to say' anything very formal, precise, and positive about. It is easy to t--1,Y a
lot of nevative' thing.- on the subject. But it must he clea.r at' t ,he outset that

no rules will guaranrtee ani effective systemi design. For systemns analysis, or
what .J shiall call conflict system design. is not the saine thina as moddi

construction or gamne buillding. I wou..ld like to say. a bit about the (listjinci iont

brioween thecm'.

'71 Syri~is.~NiY1SVERSUS MUDI#LS. ANII run morrm~ N111o I~

A systems analysis 'is an, aticiopt to dliscerni and answer liiŽstions of irnpor-

tanice in choice o,, pol icy. A mathematical ii '1 Id; as R. 1) Speclit has wrado

clear-, is frequiently a most useful 'device ill ohtairrilng anlswers tn these
questions. Sometimes two or three mathemnatical models are evenr more
helpftrl. Ho'A'ever, as he su~ggested, the cnnstrtlction and manipulation of such

modcls is hv 'no mieansý the -whloelof the Jot). In faict, isking rjtii etos

ingeniously designring, alternative systems tm he compared, and skillfilly
intrpetngthe results of thre calculations prink( ri-hd ( r comparison'

relating then r to the probIcnins that in di lvated thec itiquiiry, ;tnim'ch mii on

criticlpae than the manipulation itself. Arnalysi, ;ocr somectimecs-.jnone in

forget this heca~use(, most of their tinro is speiit in umaniriprlatiorm, and becauise -

thei-mnanipiliatory ieehniqntc- aire, niros easily exnl-niried an transterred-- -cook-
hook fn~shion.

I want to thank J. F. Dighy, D~aniel 1filsherg, F. S- tloffmlaile If. J. Kahn.,
and E. S." Quade fo~r stimul1atior, in connection with this chapter. An abstract of it
was presented at thre 'second Tnterrnatonat Co~nference on Opera 6oioal1 Rcscailil,
Aix-en-Provcenc, France, Septeirber 1 960. -

Saee C1~pe

103

qI



:: 104 E :,.LEMENI'S ANI) METHIODS jI. /

"A dareful study of the Palmer method of pei'nmanship is no foolproof
fformlulat for writing - good novel, though a clear hand, speed in at least one-

finger typing, knowledge of grammar, and ability to spell. all help. For a
systems study, skill in quantitative model building is useful and, where the
problem is complex, even essential (unlike the case of penmanship and the

novel). But it is not enough," A systems study would he much easier if it were
merely model construction.

C. 1. Hitch has made it clear that systems analyses aie anything but easy3 .
You will recall that he illustrated how the intrepid analyst, interested in
comparing alternative systems for development, might lbe attempfing to pick
one out of a million or more alternatives. I would like to stress in this connec-
tion that the difficultics,, Mr. Hitch recounted arise largely because of the
necessity to relate the results of calculation to the defense problems motivating
the inquiry. They are, in fact, the Defense Department's difficulties. The
four-to-the-tenth-power alternatives that explicitly beset the analyst are present
in equal multiplicity, if not equal explicitness, whenever the Department of
Defense makes a decision to develop a specific type of.-homber or missile.
The analyst's problem is the same, in this respect, as that of ihe duclisioimmaku,.

f have talked of military dccisions. My point applies at last equally to
analysis for decisions and agreements to reduce or to restrict the operation
of military lorces, that i`,. arms eont-i. The perplexities involved in arms
control decisions a'me at least as great as those plagUiing the more familiar
military decisions. For on- thing, an analysis for arms control needds to:.inlchde

an evaluation of the effects on the military stance of both sides and their
Idi-quacy ,or the political and military obiectives of both sides.

It is fashionable to suggest that arms control conferences couid setile issues
easily if only the participants were sincere. Sincerity undoubtcdly has somc-
thing to do with it, but is hardly the whole of the story. Decisions on arms

control, even more than decisions on arms, are extraordinarily complicated.
By pointing to the' complexity of the dccisionmaker's prohl,'em, I do not

mne-u to suggest that sensible decisions arc impoussible without systems analysis.
It is quite clear, in fact, that several have been made- Sonic of the million

alternatives can, with impunity, :hc dismisscd by a sensible fellow, wlhether
an analyst or a de-.lonmker. On the Wliwit lImd, it is also plain that !re

quentlv in the past very impohi)ait alternatives have, hcen ignorcn.,. And wh ile
systems analysis is no guarantee that wc will consider all the releva'mt important
alternatives (systems analysis is no substitute. for:. sense), it does force much
pacote, exlicitncss and it doc,; make the alterntives. .. amined-and ite

onwioions- a little more open to scrutiny.

Much dehale in recent times has cePterecd 6n the pitoblerns of government

3 Se (hapter 2.
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cbojic among the ecardiriad' alternlý'tives contifroitinrg ou oit.Ihtis,
Q!(.. iilfe and. death, ismues: the decision to dlovelop the, H -bomb or to g~all
0"" onl the ballistic mli~ssile programi, 'and iso oi. Thesc choicesý in owie

!aicsnied technology, tlue disposition-tand operation of military forde6 and
a g!.eat imay political, miiituiy.ý economic, mid techni(,;d estinmtes wiel- i(-I~t1c~
intrinsically uncertaini. Sorthe of thcsc estimates must be concealed :because
Of. the Possibility oA IIostile uISe Of the information. SuIch decisions are i !ll too
fallible, yet the exigencecs of timec, and the tieed for, many sorts of spOcclizdl~(

knowledc-~. as well as tile reqitirencilcits of secrecy, unfortunately tim it the
onnr1-TI unities for en! iti(-in0 InI Wha~t follo0ws We shall have occasion to tailk
abhout strategies tor dealing with these illiriCatC 01nd 'Iinimateily as)sociate~d

problemst of complexity, unIcer1tainlty. intl secrecy. In fact there is no ti~lal..
"-solution" to such problems. They can only bie reduced or made~i SOHI~iilw
more manageable. However, it is worth mentioninig ;It th is point that. [ie

systematic and explicit character of a system~s Sttidy does WidepI the possibilities
of critii-iziing it, ain~d SO redcLICs to this extent thle possjbilitvo 012erri1r.

TIhe conmplaints niot infrecquently hecard about thle d1AssUM DtionS M;ICI inl

Systems Analyses do, not, I thiink, mean that11 by comnparison sltalf studieS ain
stafl decisions by military niein am e innocent of airbitrary or mmirealkisic assnump-
tiOnS. Much less, as I heaird su~ggCsted on)ce, thalt the'i/ ale immiioclilt of as

tion altogether. [be comi~airative frequeIncy Of SuLch comlplaiuits, wih e
sa d to say, sume!i nues qiti c, well 10otindU'l __ý n trlibite In the iclat ivc expi ic ites,

mithe assumnio~iis and rc-,soiiing inl a systemis stlidy. i nimuitivk uitlgincuct baseLd

on informal experienice aroceonlditioiic~d, of course, byV 1"11ass 611 fmni t 4Nc

less emisly pcinetratetl. And 'when th, jdg h eniwi ofI experts coiiflict it Isoii
haiti to explain aind recconcile the dilierciuces. Tbe acl hoc eomiliintecs that

sprang uip during adm ;tiftCv the war, usnally b~vi, ot: kII( cach t ocliisions 1LV
Pooling anti eo;Ipr) im suh expert judgments. aind soiiethiii es 'tthc
tions u~ndierlying the :onluCLsions are even more obscutre than in the e:se- ol1
individurI 'snnis iut if ime dccisionmaker i,; not to take adlvice onl fAithi, lIe(

tiiuv want to reviewi the assuroptions and ei-vil'iel2 anti the foniuual pirocess (A-

'a.;s' 'ingil. In suich -. case espeelalis, 'isystems anmdysi can sis decision.
/At its best, operationsý research or systemls stufltlie ill natioall LielcUuse 'bouIld

he couucc~ived as,, the (Ictluaiflotc ye nctliod ot scienlce applied to) thq. refrneoi y

prohl-leni des-cribed. ý, innjea inn 1[f such;I a melthod todeiot
for tiumiiateisd ntatitonal defense, I he record I-., I Itl'e atllir spotty. Aiwl it

ham hard.ly been applied at all toi theý deIUMc1imad worwiou- tcvauliýltiou Mf !mIal'T;1I

arranigemi ents bri ours control.
I-howe:ver, there have been ;ome sgignal successe ITuese hove, I thin~k, buciu

ýYsenw sud .l-' Iv runueul rated, nlot oni the cab'ira)t loll
of large-scale models, but on the dillictlit problem os cf decision des;cribed

earlier, on the framing ofl qu~est ions,: wh ich litie both aniswc abjle and -relev;'it



1oih'est prohlcniý and oni the vuork oft act wiljy. designiing ncw and 11CUti

WS[Cm-s. Mathemac~litical motdel,, figure then as necessary h~ut qulite subordinate
tools.

Iike iot1uition anod experience, the more elhrtenuClS are useful pri-
, .marilx' il much more, staible situations;ý. For example. tinear pmgruanmming, hais

heen INefull in the pct rolcum and transportation inidustriesý, where th6 lechnol-
oyand markets are rather well understood ando where experienced oCecision

4makers have arrived at fairly good solutionms and find it hard to advance
further. IThen even smallI perc2entage- v~iiris, arrived att by securing the exact
fltil 11001111iolhilmto 1111,11 titan rewaird the cifort involved in, locating this
oýplnt mm 'The Sitna~tliot isý lujito' different where technology anir ohjectives
ho.(tli cha nge very swif'tly. Trhe problem here is; riot to locate the exa~ct peak
(,f a rther flat curve, hut genlerall1y to get on some entirely .dilfcruent curve.
'1have scen Sttndics that try to dletermineL the' exact be.t way ito perform tan

oper.,ttion which shouldn't be per-formed at all.
I 'n~rinatlyope atioa 6eirchcrs are sometimes in~fected by the

disc ise diagnosed as '"new toofisro" hy the mathematticail statistician
J.. J. Slavage. ThIC\ c~one possSSC1Xd iat and by new tools (variotIS forms of

mat ncouticl iogramiftiifg, vast air-battle simuulationimt mahiiic, umodels, queuling

n't clel, ,. 1mi the Ilike) ýi.nd they look- earnestly f or a problemn to which one of
these tools, migh-t eColl vahl y .appl , . Bunt, if (onc is initerested in defnse
d"(iios it is bes~t to beginl the othe-r wa~y atround, with the problemI itself, to

analwe heLto.imntitati\'e conls"pequeces of' impending WCelonological ati1d Politio-;I1.
chan tee f'or the sysqtelms thatt ore cIi 1reco ly programmed, and to devise sigoif--

icatlybeter l~en~d''c. Te tolstht tujrn 'lilt to hi, is')e o ainalysis

*here are. likely to he more hoieelv, hut mire: produilctive.

Finally. the above suggests that a systems analysis is likely to be n ust
helpful -if the analyst ha,; taker care tou examinec closely the character an1d
source of' the problemi confronting the decisionmaker, the- objectives he wants
ac ;hie~ving the. doe~tjls for IiIni. ttnon o9heete.adv-,l
toachievin, thei dsfacfor he utsumuttoahev hm .dwa

7.2 Ai,,m -W PoRrCr. 1,'-AMPI' F: (ON-SIS r(W '1 ist IN I( (I N CI I4NVrAI. MI~s~oN

et-1o in ltstat Ow-c pir{ tecmplexity of tilec deci-sionmoaktm's
prohbteni. w'; substantial identity with dir piuohlem tic1 1 hv the ;tinaiy't,. and
tbe 1 !\chi i ness to the0 analNst qf exNam nning thc, (l te lcI;iriae' rbet

a Is byý, itc(:llingt the history (it tfne B-,56 and flu,' gelie'Is olf ilit" AP FoXo u
r- -7 1 irem'i ent for ant intlerconitinental bombing, caplability.

I' -i,v;sm e ti- April -I.. atuer tne fall oit I ratie and a
SLICC' SSIot of mleftC;I';Sohlatd the United Kingdom and consolidated the
(>i Imllil Ins I jill ;1 WeSternI F iirup. it vvas thom ight of as a hedge acaitist
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lIP. Ipossibl loss Of U ngland: anI Hi L1utance iithat ill tile event oif this loss, wve
x..ojld he able to, flycvrth oeso Our fale at id-iiasilrso

daniaw to L iersuiny. Maijor Vandenbei-g and a Small study group in. the Air

Plans Section called for a bomber of .10 001-stattite-mikc ran~ge, capable fof

dclivcring 10 0010 pounds of' higlh explosive. By the fall oif 19A41, after a designI

contest, two prototypes wvere ordered.
In the B-36, it is clear that the *Air Force suiesi-, corfrom'"d devcl.),

inent, procurement, and operations Problems with all of thle difficulties thait

Mr. H-1itch listed----and a few be did not mention in totting tip his lfon-to-thie-I

tenth power possibihýities. Questions tha!t were explicitly enq1;sidcliv ait valrioils

timecs conncernedl alternative bases, target systems, cruise aind maximum speeds,

cruise. and bombing alititudes, bomb llbipis andi yields, poemy defense perform-

artee, cUntmy offense, fvpsibflc production SChedu~leS forF Hie B-36 and its

*alternatives, dlistinlct mnethods for. accomplishing i ntercomnoi innal ho! uhing

wi th out an unrefucied intercontiuentai bomber, and a variety' o1 others. And

tinder each head, hin general, many more th~ln four alternativcý; (four vaIlues

v~iuh for the development parameters) actualty were 'considered orI were

forced upon U.S. 'For- example, what bases mnight ble lost Or Won by oUr forces

during the war'? After the war, what base.,s COUld bev Miade available 1wV

nlegotiatjon?) Would we usc the B-36 against Giermany? Japan? Russia'? th1C

B-36 was designcd before the development in the United States of jet eniginles.

It ciulid IIp with fouir jets aiddedI to rinhforee its six props. Amt it endled IIp

With the, pou tof fae;n jet fighters of-a ne~rfnrtmncc In'ilk,lt its, olwn

designerI-s could hardly have foresecen. Most striking of aill perh~ips, as revealed

I is Ow lie stiut ii y (1t ( icuaeli I reduric k Sinithl, none of the people who hadi~

1)_en concerned with thec development of thle 13136 were aware of thle partallcl

dev(elopment 'of the A-bomb, dropped ()n Hi-hiosh lma, iuntil Ithey reCad thle news

in thle daily papers..

While the two prototypes Werp being reaiekld, thle situation changed

diilr;sic~fl ly. 'lb prtfltvpc-s hadk tiot been delivered b th, x0IriToI r of 19 ~)1
andi( I1 then it was clear that the IiUnited K itimedoin would no~t be lost. We

were, however, now at war wvithi J1apanu. Al though wk- htWon GLnadalCanal1

tile outcomel oif thec steppi~lg-shonu camupaigo remainied uncertain. The 11-36

*was, then coniceived (if a5 a herlge ;iga inst fatiluinc the ic,. T1 horten the slow

(Ic vloprulCiI t-pr`ocI _IiCire t--operatlmil Cycle, wk. drdCrCd 1 im i~i-ss I5in advance

oif delivery of the protoiy'pes. Also, at smii poe int in this process -the ic *xA aS

trouble wVith thif ;1T 1l Ihbe 11-16 I lici ;iussnumei the roic of 'i ristil:Aime L~ta in "t

SIoLihIC wXIlbhdi - .O

I J1?(rinu,'. on the B- 36, Amicked S'ervices Jonirruittce, H-tesc of Repi esentatives,,
The Nationel D)efense Fog'rain---(Jificatioii and .tratcg"'v, 81st Coo~gi e,ý 1sl Ses'sioni,
WNushingion, D.C. Oc tober. 1949.
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Wit tile Steppit7'g-stoiie Camallliign1 smI.WL:CCede~. li I -he Y It eganM to lipk %cve -

stretched out- Alter 'VI: dayv It was clear untht thle B -30 %(1wuld holt play a
role in Wor-ld War.11. TIhe Aim Force, busee, ~CCgn iYzed that1 11c. riossif-ilitV
A, Wol ii War II ha1d to he conitucremlc, and Ohere in' ýs a cIolsrrobli. .ii k
to the hkise-target azdoi tnat tuiciht be thcol forced onl us. Whalt hases could
VVU' ohialim for uise inl a iiez.t \ar, and blow tom ig -xoo h it take sto, 'mgc-t them1
min rim of. peace or wr\,ic A.,-c iio,- o that -%\, .im-f secii-cd muilitary
tights hi a great C01iny countieS, ',uch Pmce!.tiatiouiS arc tong dr1awn ou-t and

bu~in file 13-10 to -hedge m agan t the o11c uimit~heik of' pearcti. lc ie o a ]

'I hisN b-1-ring u1 to the post vaur pmro t. I flp to this time thle 13-3.( had hecii
coC0eLtijci entirely ill terili (i'I time delisr om f high explosives, with all of' the
l~imitations thi!. iliipoiwcs 011 lcctis'eimess' :5it extmidetiu dlisaimnees. Hi rodhin.;;
etll~igtlge the aspect of s)tratcgic hominil~g in general and( imuproved ini par1tiemitlir
thle proispects of' i utercont mien t a lt ivery, l / ictiu to tlicm could hav'e hýad
ontly a marginal value es-eli a1'. a iiecaImlW- of' dcspcratiom-i. N'Ow i appearcut
tlliat if wec could get t lie B-36 inl( pitodutli~io- we mig~ht -have c i it mi)CtL.L I
for assuring a dlcvaistat immg h uovihl-il )I o Ru"' imtii tli . becaime liicccs-. ,a ' Thc.

M.uCCes,%iOnl of' warsce (beminimiug wiLti Ilitm Berlin airlift) before w(50 had1(

(teVetopeCIt anl eXitensivC OVsCIsea;; base sVtMCIII simagetud thatt it nil''a' iimldemd

rs'tmiissfuc. ealy Ink th cieiol, milmirC tionthie" ha~d heset tile B-3(l. I lici i.
w .. Anauee!M'Oi~ p~rttc-iii, totr cxaIi 1 ih.- ill aelmieimi Immilitulry JIli55iiiiis wdith

[lie minge ligirigmay called il l il-ic ss',-i( EN ii.Opm tig-

soilvm ofllt, ad'.lvcmmc11 li-ic state 'A tile art not originally amiiticipatei: BY
rhO 01n6 of 11)- 17 other mtmtrLIUnents fIn icii jl mi very lomig-re.nge niisstjou'
wei-el Iciiig given fa',ýorublc consideraticm. Ini particular, ai r--refueti ug svms

"svommii peniilit aim tAXtciumted iadios'ý for a :,Yitem consisting ot both tinbmennjedetb h -cv ondi-rmiiic(0 liltCi le ihaf idsI

amo id amki:rs Ii ttic .tct of' thW ;111 Ws it. ss)'a dii. even1 'mom t-TradiLIs 1bomiiherLS

tit ~ clla*i c miwturi-stmcs I it:c ticQd lm'r- 1i"Ii'. iiCOt.!iman.(: in tihe t)eýuctrtl~ol-
m21-m i h m \5'1-t W ei; i~A~ t-1. tOw ocriucthim oflict fioblecrs. -

;\bont tiS timsnow ihe We I-krioWmII in~te:ISerVice dIsareieits; FCH on)- the sijc
ceime.arid Lulhc ,sClu also a grood niMny jiitterelces 1 iri ýimioilin ihii Ai jl

`-io! e' - ds t'3 lit oi'ili'l 0- thoi Iea Pivc IVLlitprtmitict oft

rangtY, itt tiiiie, tpecdt and v-eight.. Wittlihi th,2 Air For-ce there were advocates -

of, Oui-' It 2) s ell as, :~idvoiite"'; nf- th(' 11-36. 'Ilii- toi-vler stri'sscdi tihe It-9

-- puced sLipJui moray, lae ttl emiphasizedl the hb-36's longer megs. 1.lie ccriti-tov'ei "s

ammiong ti-i so rvices flared (ver ftime homber losses -likely to hie in piiseml b3y --



of sulch b ombting on theo rondlict of Ilix \tr n L'ros

1ihe role Of si ra teg"ie bornuhino at till- timle was COn1ceiVed rather differcritlflN
1froml tile \ay NV! Irnulersai It tILItOV. fllut it wa~s a natura'l exteulsioll of1 tile
prohienliv anld funlctionsý of' strategic hoiiý 1her~s duing-ll World war itTh 11w main
nerblejis. Of st htci olnbingý ill Wor-ldtý 1 War %iI wer (1) It) penerateen y

denses. reach mifnd fuhilictre t.adt ttodsto t.Ii rae of casualties

t~hat could reasonlablY lie siist~iinied inl (1) getrt'to the t mgt id) hack

dcperLded Onl (-), tile rati at which tife tre';C.ould" he ditnv1;After the

wart:vorbln';I~:iiei 1 bil b' ii;1vii,';liI ur - blli teenil IorI' fill- illr'iilS~iii
dea~dliness, of1 de1111C.s teCChnU"'c, ltxpiiic [Ioc- e l and :uritafe-to-
an' mlissiles, -- lu--tansorined thle first problem lor the bomber~s. 'The nect eflect
wais to IoIrke if harlder to siet tol the( tirlgot rfl, back. On thle other hiand, fissionl
Weapons -creatix increcased the rate of destrulCt ion possHibl, an1d thuls Coinptetet!Cl
transformed prohleroCF (2). We h-ad, an1d aSSUlmcd Wc would conltiIUC tO hv

for some timec, only a very. limited supply of A-bombs. We assulIlend thle
ClciIC o had nonec and could wage onily, a highUl-`Xplosivc, campaign ginst thle
Itnitied States mid onil base's. TJhe hI-'tfiatomic attack ag-ainst 'the enemy s,

Vitalind ul~ stri;rnl am) admiinistrative centecrs annerarcd then not mewrely av- ai
retaliation to anl attlack onl ouir iao ;itiallies and ;t deterrent. but. 1w illILrrn'uptill.
thle "low prlcess Oif attr1ition -whrich wis ;ill tho cn''ioy cotnill hope .. Ior iii

a hiighexlov ccmi pctgn -on ;6r, gromil.1 and sea.--- it appeWtlred ailso t.) 5
\Yrtiiediccof' our owi andl ajllied ijilitayc potenitiail. N(iLAVle NWeag0Iico

sro*~ II w sexc t Ic t fi s &or v oif 11w Nilo ne 'hJ A i r CO f~e llm is .G ctOx ro 1 11V

Sir ,-htirlk-s Webster antIi Noble Vrmi ki id (4 vol~s., tier IMcrje'sly's Sftl~irnoiirv (I )licc,
L ondon. 196 I). -i lie auilitir',t gccu 1, lProibleims smiircwha~t ditlttcrit\'., hilt il lt

-NCltll 1110 S;IH IC nt (se st, 1' i re-paoi'tioll, pp. 17 11<).

- 'The ope rationalci reqnun -Cii Ins of astrategic hotinii mlg to i cý are ezs sy to cx pressý
and diftictilt ý to Attain. J-'tst flie force mu~st have tile ability 0 Cto eahli
deCsignated targets, "wIil i i a V, ;Ii s41lumio Dicii pentaio0-111 nd lutiavi ,tuiAi~l.

SeconadlIy. it lou t bie abhie to stliike uffctlivelv at those t noll s" which is a
test.iloii if u ,i' iit nt hwh diin, quail ity and in qilantil wivad of Ih Itie cunacy

will] which tIlev C:iii he tiniutA' . ltfiirdly. tile force-1ofust tie cibt to r,01i1li to

base withiout ~iiterln.c'a nlote thiian tI];- bearable caIslalty rate.

A he auttihors go "Mn to eXpLtiii thait ttiC casutalty rate Ilicits bearable tetiendq onle

rate of Itliget do~ti i ionl .'Fhie easuicilticri that Wsclc thoiviiigh Of aN haIving to lbe
SostOnctwer UidiCI duC ii Utiathiad of teii alit aitl T C tthe.1 cf ii, oF Iluau made.

TIhesclter 1w0cl i''j cone' 'itd of icý Pnineli ite~fense'-

'Ihe nIto.1-in-adc hatzaiic(s consist of the enemy defcnses-thie tighiurs, anti-
aiicioa f guns..wsaii-ebihi ý;ti an O tthtler coontc rinteasn e1.5L -Su SLcl as radio-i am miii,
bogul; radio or visual mvig~alioutul or bonmb aimning signals;' dIiTnn-y target-,
:1110 $ntin, (Vol. 1, p. 18.)

- Iit



11o FLFMFNTS AND!, M1&I ruiS II 7

tech nology, as we sh 'all discuss, was destined to raise quite niew pirhberrrs !or
sJfr~itpirc1in hiLJIIIH whichI ULLJ nltU fit n[1,Cttly flhtL' th Iaewr'..fhmb

before and duiring World War 11. But these, probletms wcre much rnork- olisciirc
ptrcisely for this reason. They were not promninenlt iln the issueCs agitaited atI
the start of the post-war period.

Throughout the dIiSCussion one thing' was evident: Speed and range were
both desirable performiance characteristics, as were also altituide, millitary lead,I
andr a good many others; hut, in general, if' YOU oh~taied at maximurn of oryl

in any giveni state of thle arts, you sacrifived (ne L') sW~erri ofr the: othler

performance fcfittueS Clf theP n1Ian. 1 infortunnatt~ly, it is not pos'siblle to e
the best of everything; yo~u have. to trade something Ot one for something of
anlother. But, at what rate shouild we trade? H-ow do) speed and attituide aff~ct
otir, ainticipated attrition in the air? I low dtoes range affect our d~lpendenoce on
ouir alliesý? Or, to tAk6 a questiuoi whose central importance emer'-ed only

rather slowly. in the course ~of the last decade, how mnight, range and other

operating characteristics of the air~craft affect locmaion, readiness;, auvid the
prospects for destruction of these aircraft onl the ground'? If in the long
history of the 13-36, which wats part ot the stiiategic force until 956, rio very

clear-cut anrswers to these questions were given. this is h--ardly a derogati')ir
Of 'thle disputlants. These essays in systems analysis, I am afraid, will miake

evidIent that there are at least at few aspects ot snch quecsti~ons that are not
exactly settled now. In fact, it is nit easy to) desr'irihe exaWtly how you go

ahoumt amivo~r;no tlwnr11.

0Orre question I do not intend to raise is whether tile decisjivmnnin kers wlere

ahvays right or sometinires wrong in the exiendci( sequeCnci of rtceisioris tirey,

-ihad !to m-ake in the pres~s of this fora-.:Iafin~g hitr.Such a questiwn I feel is

MCCftr orr)!ly to -trir~trr extremei claimus. It is. o~t course, much easer to Ire
wise at this stg.(Marry of the decisions. I think, were c'rrreet in context,

even if improva1ble wi!.h hinr~iglit; others were ques~tionabhle.)
Thr- 'ir, lýIC"iSCV.F1 lim Ihe, firsi is, tirat the millitary decision-

mnaker's lot 'is tiot anl easy one. Tlhe h story oil the W-~36 rlevolonipurilt. proinete-
mt~t, ndopL.-jjo-,ijitustrateis vivdly the prccs f eiuctionnn i~"a11v

ii m1ttipl icity of tnacertai i!he~rntives. . Iases, tar gets, ranoge, splcd ýI ltilride,
homnhs, encirry difriie :ind otrlense all assninreld in pr'osp)c~t arrlt I0 rc :tri ritV

ait least. W', Itnv rrr's Mr- 11l tet h.OL; m-rýwstedi ate present inl a \sni

analy-is. These Y~ere riot trivial vrair41ions. hi.t think if thv change in oir

d fruiload high-cyploimive bomnbs to the H irvisbirrr A-biurr-1 ah du1LiL twli

:Jo the intiltiniegaton I I-bomnb; arid the change in thb2 erieriny's dvft nses f Olin

p I ups to jets adsurface-to-air 1irissiles.
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Second, t1he ObJective ol- allAi Force dccisioji~ mlay usd1l he far froml
jimiple. In the ca,4e of the B3-36. the Air 1Foice had, not one but luciuS obici-time.

Mill these were altered radically by swvift Changes irn tilt political, -stratc-ic.
atnd technical Situaltionl.

The third point als o coricerns objectives. It apipeals that d ilfelijog Vehicle

types, like the B3-29) and' the B-363, might Sefvc partially dIllereo~t (it, Well tsI

partially identical) objectives. Butt bow then do we eon ipai liiiheIorh onthshityilurts shaw ie. choCiceal'! nc

or, at any rate, desired things i,1 difficuilt, It Is also neces..sary. ObIjtectives

conflict. It isý (lot possible to niove ahead simultaneouisly lin range, speud,
altitude, andi everyihing else. How do we choose a particular comibiniationi
when wve malke upl, Say, ;I genieral 'operfat img iequiienieit il tom[le Stim ategie Ail

Comnmi d? And hoV dto Ws i design 01ur1 SYstems studIeS So ats tO a i iwer rather
than beg such clucstions'?

The i th noint the SVoi-1 ii lufininates is thme function of hedging. or insurance

objectives. and the role of jntecurcotincntal bombing. TFhe B,-36 was Con1ceived

as a hedge, and thuý p reh i' hdging iPgainst- ai&_alogo)us un11cer11tajo usIS
alwaysý with us, Su-1h it pmo! *t':ink for contingencies which
mlight Hiot even foot, in I 'W1 inW Nv lii iiIi k~ly, 11m111 .. iy Still' StUdies

and systemns analyiSs have,(. OVCrl~no1- uJ this problem. H-ow d-,i xvv decsign studies
which tackle it'? And( bow cai -wsse 'hest de sign a foice that meitlodes tan
insurance capability?I

Ihave stres.sed thiat ;el-!olls 'syskom~i stwdics oif imiitary problirimoire rit(

nure dIfflicult thlmai ruCspouiihIn muiltinrY dee mIJOmII. ill a senIse, they' ;IIC no10
diliffcimt either. Ilucy simo(Ili Star t iiid cmiii v,'ith thme mmilitai y objectives; III,
limticr, wvith the potlitical ob~jectives tb)"il the military7) meanIS Serve an1d Ivitli tle
(ihstaiclu ton obtainiing thieso goals. III the process (if' analysis, howevCm, soulh

oh 'jctivcYes aic almiostxcrtai n to he rctinad anid arc ver:y likely to be diastic;ally
al~tered.. I would like to examine the vvay iii which~ ebjeciivies enter inlto the
process Oin de(VelopmenC[t and to ILse once. iMure ~a~cAir' Force cq;imples.

7.3. OBJEc-Mjvrs AND UONSTRAINTrs iN TH~E DESION OF SYS'l-13M.S :STiff,;K,1

'[he Air For-ce used to geUt ou~t-ni tilte course of planning devclopumenL
ton all intecreptor, for exaimple, !tol ail it holiei)C -Vairiims dIOeimiiieiitscale

LDevrlormnunlt iPlalmifilog Objectives ilnd i(tjtbem:; ciiled (iclimera ()pti atimig

Req mirciie Tf.ICS lose Ii iirlated &loCiimuieit's h ave Stinct! been rej lacedh-

umitimsci flm u ltWIIi fif any- of tiei sonic tiinction'; hut Partitiiin I L'eiil

SOIiicwhat ditterently. A liy poth(lmctir 4 ae Operating Reqpiiifmmiemu br at

-hemically fueled bomber nnizht 'lave Sticda an objective tha t the pl.an

he able to tiravel 4500 1) ii omi 111, i Ti ir1 withouit refticlitiuý that ii bc bl

to go Mach '.5 for 1700 of the's 4500t 1 i, that it he '1blei to earr- horllibs
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o icertain si/.c and weight and deliver themn With an average error of' lcss
tan, n;ay, 151001 ft: and that the altituIde of . 1cretrationr ad bombing) be

grae Ia ertain minimium. Anodther General Operating Requirement,

say for -1nlclear-Powered bomber, mlight have stated (in addition to a certain
coinbi nation of the fam iliar performance, pnir-ndetrs) th at the radiation dIose

ilbsorhed by the crew nmist he no greater thani .2 roentguns per hour. in a

similar way, the Air Forec sets certairi' 1uoals In] the field of base jnstalla-ti1)ns.
tFoi cxaoplu, inth p1. itli ... uidezplnigai ae in the

continenrtal Un ited State's to concentrate the elemniis-on a base and so, reduce

to a minin i run the c ost Of Utilities, such as roads, wate-r, and dralinage pipes';.
So) far as the defenise contractor is Conlcerned~, these. goals are taken as

consitraints %\ithill Wli Ch lie does his work. T he aircraft designer might then

consider, in the light of his knowledge of' the state of the aits, stich que1st ions.
is. fihe hest system for controlling arnmamen t onl a platfoi ini ci 'ing in the
way retlj1ireti(ot the giv'en airdraft, and t~he optimudi configuration for wing
anld faUselI-1e1 in ordecr to house the riequtired* military load at mniinimom weight
or cost If theo: con-tract concerns bases- the contractor will conISidertebs

c~orhiguration of ruinways, parking areas, 11UiousiiY. etc., given a certain site,
to keep costs to a minimium for the desired opcrihtion. If wve call the oh,,ectives,
which. the Air Force specifie' 0," and the meanms which the contractoc. uises
to obtaijn these objectives "Mi", We nliirlit describe this situationi asN follows:

N"owv, svilliii the c:onttactor's orgainization. iii perfecti ng the de~tailedj Jesigri
Of AM, it Will he2 oNsiil fir 110 itself to al; pear in the form of a :constrainit or
objective. lovval tI hichl.-ionic siiialler section of' his Organization is v,'or king,,
-learly a1 Iowa i.h'tc thanl 0j We In ight, call it""f ') , and rewrite

.w 1% ill 11, l 0. 1I 'Oonce supp~josed to JjjChave aller fleaS to bitL 'ciii. and
iij al I il in a I. [Ij'~j)f- Qji ocn fivision i4 hbur night he cointinuiel with

111;11 . CI I lild VVIile tor1inLia ( ) aS follows,

()I . -0i(.3)

Fur c~maniphi, to achieve one eomiipuent (Objective in the development of an
niteiceptor there nighlt he a very lart-L group wor~king on the liti Conuitrol

-system. -ihi group. might, have separate teams1, wvork-in ~ onc th a; ; ' ,

SSec A. J. Woh istetter, TI. S. 1itoff ma n, 11, J. Lutz, and H1.S. Ruwen, i u uwin
iand Ilse of Strotcgiv Air Buses, The RAND) Corporation, lR-2,ýVi, April 1954, p3 7.
See also Chapter 3 of titi; prcscut book.

N..
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s-ystelli, the analogue comipulter, and the armament systems, all of.. whiech are
= . omplonenits of" the fire control system,

Thie [eamn might take as, an oh ' ectivc the design of the airborne radar with,
amnong oth&r thines, a s;can angle 70' cach side of dead ahead, and wo--rk

ithin this constraint. The point to recognize is that just as we have extended

ouir horizon to Ithe left oif 0-,. describing the way -njcans,3to the Air ForceI
objective might appear j"ý the form of narro-wer goals, we might. also, and
oil occalsion imust, extend it to the right. looking to wo-, what further ends are
serve~d by, the Air Foree requireet . I'u

0i=i' )-H ±.+ý,- 4

Or, take our example of thle lire &.ontrol systemn for theý interceptor. We
Might have a wequence of increasingl y.1comiprehensive systemis: airborne radar,
fire control system, interce~ptor, interceptor wing pýLus grouind radar, a defended
Olfen~ivQ wing consisting of all interceptor wing pillus a ground radar plus a
bombecr wing, and so on. Figures 7.1 and T'I il!lustrate theqie systemis.

While, the n1afrowest svstems c.an be treated, and, in fact, most frequently
moust be treated, iti conjarativc isolation, this isfl-ition is only comparatiVL,

and never final. It is always possiblel that there is sonme important interaction
affecting design omi other levels. For example. it' iight bie that it' is di-fficuilt
to design thme r~nlar to have a .,canlnle LF,1COf '70" either side of on course, but
hyI designiugý thec intetrceptor to havc a tighter tiinning radhis this scan angle
could he nrm Or oemuigebt have to move fithimm~r uip the echelno of
systemsj: it mi~!i(0t b~e best to. relax. both tif thesc constraints andi increcase the

aceU'jreyr ofI l1ie g~rounjd daal-n~ '. Tocess in ortder to achieve a better
"Ol~~~ti~~n, 111She raigii kill 1mrobahihmq of !!, lle ode teetor ph- grotnd

radar system.I
.A still .vider analy!sis of the Problem of defendling a strategic wing might

ind icate sohl it ions in which intcereptors were 'not involved at all. Local defense I
Miesile';, fo'. examuple, might hr. ute way.l (too it. Or some form or forms
(if p issivc dcfeeivi, such as dispersal or shelter or ant alert permitting ilyaway

On Teceipt of01.1warning. 10r, to take 'an example to which we will rcuir, a, method
of - pie! amng that uminimnizes the(- presence of aircraft onl thec base as a regulaur
imattir in peace, as well as immedctiately after the outbreak 01' war. ThIs lat

exa - ,msritedl overseas hx Ih rir~wiet(ieof limiting tht- use of foreign
bases essenit'i ly to refueling anl,' n.. the' continental United States, by the

alet tr 1w~ty m-ams r fr a tractio (it~ of c heavy bomber force.
Som11 sm-ciml m comu.traint; are necessary ;it every point in SLiCd! aim a11 ilysiS. Hut

none of themi can be regarded as finial, and oii occalsion relaxing the constraints
Wli'a di.i t tie Proolicil iotala'i.

The. history of.!the B-36 Iillustrates th'at no se-,t' of specifications for Combat
radius, M-ach T, imucl al -ithe likei' can be atccepoted as ultimate. Thle devcd-
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k Olient of the B-36 represented a choice among alte-ruative: cornhinati-n "IF

speed, altitude, radius, etc., and inevitably ieomprom-iscd so'ni performanee
in ordir to improve others. W throri not such a chbice is a good- one -

depends on a variety of iinccrtain variables whose. interaction is 1)olnd to

be understood better durfing the process, of design ind devclopilient, anld

whose aspect may' change "over timec.I
The. requirement that a base design concentrate elements in orde~r to keep)

utilities to a minimun- is sensible so long -as these bases are not serionsly

sulbject to enemny bombing attack. U~p to the end of the 195{Y's overseCas bases

were desgned for protection against high-explosive: attack only, and those in
the "continental United States weic designed with no 12roictiion.agaimst enemly -

attack whhl'tsbever. Even in tile case of- intercontinental missiles, -which did
not enter our strategic fore until thle start of the 196t0's', their first inistafia-

tions were "soft'"---Ahat is, ofrered very little rcsistailec to blast and( other
offects of niucleair weapons. B~ut givien the. past anid, inl particular , the prospec-
tive growth in enemjiy capability, it -had slowly becomei clear that we must

choose a different coinhination Of operaLtional conycenience, Cost of Lutilitics,-ý
and resistance to attack7 . The objeciives of base dusign hadit therefore been
re-evaluated. "H-ard" Atlas arnd flicn Titan and Minuterln jhwebsL IccaiUII

oporational early in the 1 960's.

It is not merely that chaii~intr cirenijlaistahcs alter cases, that what was i
correct choice :it one timeo is outnitolell by events; at any instant of' time
Mich. choiCe iS dVery- Con 1 le e~td ;W,1. The %Luw (UUNajT ls: i II;I m rulujoleml-

powered aircraft, mentiprned abo-vc, will illuistrate this poirn. The q11C'lioll (if

dosage limits was cenitral in that progratii. To reduce the do-Se rate hlcaltI
increasing thle shield. Blln, when we' add suich dead weight to a plane , we(

have to increase th, gross weight by a- ver-y imincli rger amountl. imuplicit ill

the lim-its first set. wats the aswumption thiat nuclelar-powered b omlbers, would

be used frequently for- baiaiiiig inl time of pettec, the way we uise chemically.,
fueled bombers. But, if th rw a o fyfequculy for trainling porp'llo -

- during pveactimen, each man hadl to be limited to a vciy Isma~ll 1ho11ly dIoe ill

order to keep lifetimle doses withinl tolerable lisntids. Snall d]ose, rates; ind

huige shticlds mecan large saicrifices in other tightly connected 11cerf(rtlililci'
pa i iaii cftrs: for exiample, reactor size: and ene~rgy notpint, turbili neult teil -

peraItitres, anld the inaximutm speed attainable for the dash thlioolel ent-lily,

d- dfenses. Frequen-tt unclear operation in timle. of pecezivodvcs .large - costs,

not onily iln aircralt design to' prote:ct thle alir CleVW bott al!o,0 ill bOW DWi~ Ii

-it baseL opeiation to pj otccitihe ground crewsý against radiation. The pe'CLCtjllitt

training rcquli remen i, - tJhen, which hadL 11n1 obvious' utility, Oa)lso hd at ltrgc cost,

I.ater in the proormrn two (Ithne possibilities appeareid, onec altect(iri rl'u

Selection and Elsa of Strategic Air- Ba.~es, PP, 451 and 48.

- - t %

Ai
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pýroblemi of peuciietriting enemly deI'lleiiSe anld thle high perfornimriec requinrclemnt
thiS haId impIIosed onl the nu!clear-poWered aiolajie, and tile othei alfeetintg

*thle p7roblem1 that had he'COmel proinenlilt riior recently o1' prel-Servinlg the
inreclear-plowered airp-Ilane il thie face of 'an enemy honibing atink. .Several

bright Wdas werc suggested to solve' the penretrit ion problcim -wih less stringet-i
deands onteucerpwcrplant. t'lie grcat difhicultecs of gettinug the

Of juIst whAt Wa.ý "'reCluired. (.)lic of' the new p)roposals would have aiddcd-
soni cheiIILially fueled cnilghus io increane spa!d forAt:li dash Wougir the

coiitibiat n. (It als'-o i1-Ppeared that ai considera ble part of thle training maight
ht. done wit Itilte cheiniieal eginecs, andw*so gtaron unml some OF the Proble his
of f:jiettrainling inl tiniie Of p~cc ii. Another prolposal Wc'onimiplislicd }iirt oll
tile Same111 pttrpOSe by taking tho uncleal Ii owered pJAne1 no0t SO muLchI as aI
holinhardihnt-i Vehicle that itNCli haid ln Poeltrut leh';iefls( but rather aIs i

trig to tow the tnlailined bomuber into thC conthat voo Stllmotherrtook the
nuclear planle is a1 latfor l i rclliiiig bun11--rnge11 anlo-1JSn~iface lilis~ilLS

flrut onmtside* thic eoninnlt 'onc, Michl dWis tor pemmetration could relax the
rigorous i ntcrdepeiidi'ot perfornianne lretrairemeits1,.

H-owever, the, second problern (Sn rV i~i h.t enemy I orribing, attack vwirked

inl the other d-i.rection. NuIclear-p)owered aiurnrft= with their enormnously expet-,C
sive and iunih"Crsomne, raimitely' eontro011le m~ainteniance werevei MY I)OrHY

a-dll;~teih to, uroiiit alertI. 'I heir' twi!, etiduuranJ1Ce, On~ the other hanid, iiile temm Io
ý i\ eti ( t)I l:11 l in I.line Of e c IC iL: thiii 01riý1mil;;I ili i and I IttlCIClOUe all ot

tIle tiroldhens of do~se rati. and shrielding uld, all of' the !very Inrge. coslts that
'ill[the case (ift imrele:1r-tIoxvered Inplales vary direelily Witlli LmSitl o1 )cr;ittoil.

lii this way~ Ietliireiniiw.t clliaiigctt aiit hadlt Clcarcll iny iiliiCS pa;frtly.
as thle rc.sult (~ tiub, in tVN i u syin g to weet the torigin sq. iwt itwioi that is
tr[IOalhdeS \Yiml thle aMunn to thle Specifie~d en~d, and betl caiuse ]the p~roblcmm,

oif strategic bomibing utsd21 w cha;iN ian, ttmi is,. tlsý Ii i tic ends that the

"iVemil tile govefI I lmImemIt1 atemiment ot Immtnc t' i jst to get Oml with tns ph.

sVhielier thst1 C ri~liltCIPiiiiits aic iltil'N' \vtilit is reIiiI'vl. 410imihl1,1, o'n th

',iduc mic likely to iorceý ai itmiiiicat look at tIl otitcctivcs dhey start syitl: lhiii
Ilicails iiiiy lie tm klilhicilit or tooi -etstlv, Or nitlaei~m!" in! thm uts tmie.

clarity' itf i -1 _- i) cmi: mU1LIte 11~et t i i' ike iiC ic kiii ai llm turns d iih tl il.

"Rethlificiek its- Oc imit vlliveraticesý limml imihavenl. lIvmn ihuastlefally 'Jhillingý

n teclmnolomt mcil, uilrtary, amtd pdihtical context. nio ot:n can judge than. reklalv

onl the h isiý ol intwi~iitr~ or' experieince alone. ReLmIirenments, ill spite ot,

Sn~ggCstiOIuS ftt the cortraimv t hat ]iiight he' giCaiteil hrimii Public ',tatenmeunts it
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conrg ress ional ht cai iii g come dIOwV 0i to th procurer iie I t oll icc ri Mm Ilii h~ir

fruitful aspects Of a! thOUghitfir IsystemUs study. TO COMclude thien, goals set
downVI inl the COurse% Of policy decision are never final. Fnds a rc meanrs to
further ends andI on 6CCaSiorl uinsitheI mselves, Ie e;Mt~inuted. One mians mecans

is llo'hr mlls objective.

7.4, 1~AIx-A Q r~fJ- I* IVis-s: I'ARAI~i VA AND FUR!1 111kR VNFYs

we reto ev~ilIate thle fairly nairrow-,ý or :spucific objectives we have
-rcferred t ofar' in terrm: oif broatder oncs, what are some of thr-si hvoaici

objectives? Art- they final?. 1 mrotc fol~mluia (41 in a way that suggests' thatf

thesýV :r at. I ended up wxith some dlots,"0.
Siuggeýstillu "antl SO On". 'The annl of' defenrdingt a strateg'Lic wing~ touches
collateral aimlS suchI as the UI`CnSC Of oQUr eties, a oil is a me;1cans to t0lC

further end of enemny target dlestruction. But whait enemiy targets? Hlis war

nldtistry? C ities? Strategic force? Its ground and tactical Nir forces? Bot
the _ targiets thlt eneoll il iiight Atteik and tlhose that might hc aktta cedbyi

are connectcd. And thcir ties ar e unit ilel and fiercely knottd.
i Int-i ite.rciepen (tllrices a te 'favorable: For examnple, an active arca1

deense might jointy defend P regiOn cornaiiiri ljoth aNO bases and iciebi
I -riig cities. A radar wa~ riing systmwihsre owr n vectr h

active dcfere~c in cities might help not only inl the active, (i ns f a .
,11 augicr Eas..' hili rrni4IIt waýrnt omonharitnier-it vclhimete N,1 tb-o hose in.1-n

for them~l to he lamHIrrelrc', 0i-1 so permit rlsi (fo1lenso exceedingi, inl impor(-
tanlce the active (IetCn'N-. O n the other. harll, sonlic of I Irse -oli nc~tiouis. whenl
examlined quantitatively. aire less favorabhle. For examuple, tlooking tit thre

cont iucrtal United Stats i i tdw large as wel as in the stoat l, we sue Atha

citucb anid staei.bssli~vc quite differenrt geograiphicail. diStruhmLttronIS: aside

ftoiii local separationis, ouir rib-an and iirl ,1itiatI heartland is in th Q northea~st,
:Ind iilosf active delcn:,:. ikcnetae there: slntrateic hi~-;o are. mostly'
elsewhere. 0ii to take the examiple of' warning, the req 0 iniocuts, for walini ig

a trIci forice ditier rmom the needs Irei aciive or passive defenseC for ititus:
at strategic fmrcc Can1 he ()Ii hi~gh alert air1I rtepoird itiiielsy fit, w:otliiig of

aipiroachinig aircraft. St ill rilewr coniiruceiens; might he distinctly uinfavorable. 2

I~o istm;!, ;&C .1.uta in unry& m igh mve li Jr-prters cloe

iiar cim sy cEtt Owis for aircraft niglit reir ire very largeo attacks try
111 lie iieriy, nutk ilii. maight f~ppCor ti, un-ia-wx ly--jrodurct dania~gt. to cities.

!t shouli 1( h stressed that j list bee Ii se there "'Ire. ii ralnyciire oi

favorable and ýortie triifavor jble inrure ly tickinig thremr off onl lot4 isfoal-ely
.the hegiurmikig of an aruhyis OWNf ini ier-rlio i-or any givten Y-:N Of

rMany (211COn L netelefecshave6 h`c beI.-valun'tic rinue k-ill)' indl w4 ti some

sophisýtication. This 1,has riot hrecn! Well no1d 0 ..1.Ay

it6'
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.1ike the hy-pitoduet effects of sheltering strategic missiles. it is true that

boring citi~s than tile diestr uctiorn of unshecltered missiles. This has led some
defense analysts to ertunciate as at general principle: -Hardlening Attracts
Fire"*. H-owever, in sheltering our Missiles 'we do not donate resources !or
their destruction, to ani aggressor. In. an ait;ack directed at the destruction of
these missiles an~d at cities anr enemy would have to devotc mnuch greaicr
resourcesz fn the attack on the mnissiles, if they are hiard. And th6 distance
separaiing missile sites from POPolatie~i Center's is enoLigh to make such ain
attack mluch 1css daMI.giog tO CitieI, 11atiI If the bil.wit of' [lic attack had
directly to be borne. by the. cities. In short, a closer, more quantitative
scrutiny would su~ggeSt at favorabeitrcin

Ani analogouis though somewhat more sophisticated l'Mint could hie made
for a defense of strategic missiles by keepjing them moving. If Wths strategy
does not directly dive;; the enem1i-y's hootheis anid miissiles, it may nonetheless
divert clenemy resources aimed at tracking our11 Missiles, at finding themn on
or bf'1ow the( so rfaco or in thec air, or at shooting therm down in the space
over the enem~ly's own territory. The intricate knot of c~onnections between Such
collateral aims requires careful quantitative analysis to discntitnglc'.

Rel atm c the ai mi ad method ift nroff'rimnp ý1'trlitk.jUir 1uirr( to tiither

enids--Abec 11ir1po~sf- for Which it will he used-is quite as denai~iding, is

orimecting thlese, ends with iCollaiteral anms; aid at times, hast, to bie deait with
H-1 a systemts study. Botiittiers of short air t end uraince, when place'd onl grolOid
or air 'altert, may be useful for a first quiok strike agait st oni''iy targets Of
high urgency,'o,a for ecxi p!L, s;ome miflilary & argets, which Illa C all for ul
destri iction. Buti it ittis imtportant to..pose at (oflntiloing th;ica ia fter the ut
break. against cuntim .1 targe ts, as a meanis of' discourfagmo'' itt icks on our ojwn
cities and is itxaI I ki) help bring the war to ;I, favoraible nn ',"ut is possible,
then we shall i i want to destroy till the! targets we can it a Lquick -.eSpon1se.

'M wuld wanmt to. prceservc both enemriy tar-cts and thc mtlns'n to conitirIueC

Ifhrcateit ing f hen.' l''rc toohii: 0Ir hard systernis are likciv to havi~e the advan-
tage (Of re1'1;t er end u.1-ranc iii a 'A at tin i en ''rtii mnitt.

The aimn and method Of Pt oteircin a st i alegiw hirve the'n depend aimitig
oither things on the targets to he hit by the force rirotcctcrl. l'revioits cxtio1pli:s

uget that t!hese tarigts. ats well itsý th-~ heileor attacking.....i.n hv
altered i atityý timeI- atd Ji r-sticalkv RuIssia'sý wa r-aitlhorting industrCs. it',
"itoutiil orCes when laitnelled atgaiist tL-at0ie, t~s strategic lioccu, ittt<S, anld..
variot is conbthinations of' ltese, and many others.

Bitt what do we get out of threatening or 'attack-ing any t5lfithe var1ioUs
target sysem? 'here,- i.,a *hicket f aite!rdtepteidvnes here too and fit

or not, tinder sonic conditions we are forced to try to pciietratc' it lor a still
brýoaderi look.
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Still Br; aidtr? I
Thecre is something to look at. We have wanted the ability to threaten or

to destroy targets inside an enemy's territorý' not---as some of the more lurid I
advoc~ates. of unilateral disarmiament 'have imaginmed--out of simiple blood-
thirsthinss: hut for- ieasons beyond such threats or acts of destruction. As
the cold. war,)&)t under way, near, the end of the 19401's, we started the

elaborate process of bulilding a strategic force because we needed to restrainI
forcible expansion hy the ('onumun-11istS. We were concerned then especially
with the problem of deterring, a land wair onl the continent of E-'urope; 'and, if
this Could not be done, we wanted to bring the war to as favorable a conclu-
sion as possible toj limit the dIamageý done. Ini particular, we wanted to prevenit
thle Russiants from occupying or destroying our allies. But, of course, we '

wanted so ueT~~n of lighting the war whiich would not defekat the phirnos

Appropriate mleans would not themselvizs destroy our allies.
Our aims here were not simply altruism. '[le occupation ir destruction of

Europe would vastly increase the dangers to the United States. And with tbe

growth oft Russian nuclear capability, a threat to the United, States itscll'
became increasingly direct and immediatc. We w~ntcd then to deter direct
attacko 0flti selves, and, if we did not Succeed, to comec ou't as well :1e.

coutld. ota ero lin it is appazr?ýnt that we have pursued a inumber.

ofl apparfently distinct, hutd evdetl Co'i j ndam ricvl OUa

Strategic torce; to decui or to, tight; and to) have both theise capabilitic.; for

thc uasc of either a continentall or an irntercontinental aggression. 'I
Moreover, these aimns ot our strategic threat have had manj~y. complex

connections with other broad goals. 'They link directly with the' possible uises
of' our own and allied grounq, sea, and tactical air forces in local or econtinin.

tal1 -v.ars. (Smaller wars can lgro'V, into more viohiept and big~e~r ones., through
th e fam11iiar llu'ehanisni of escalation. The occurrence of ioe;,4l w-Irs and the 1
novel to diSCOUrage them are associated with thle prohauhiltiesc of larger ones.

Yet it is not ailways clear whiether the possibility of es-calation will CeneouuIagc
pr di,,coura-ge local ae'gressiOn. '1hU belief has lceuu widespread, for examr.ifle,
t~hat a near certainty ofn nit tai destruction in a big war invites qunite high le~vels
of loc~al vi. ldi-v'e on tile assurance tiat both S.ýides will keep it loc"l. Onl the-
other bd.the. great powers hanve iniovci ini a gingerly waV~y InII Lebanion,

Southeaw~st Asi, iid the. ( aribhtuiii.)

Aside froim the . ns1fIMtcUis nd i incertai n coriretil(ins among the aimis oi
deterring 6j- light1ing. lcocal, contin~iital, and iqterepatnL;,ritat wajrs, -111' o1f these

obetve ariify f ul tiler, affecting still wider and less cekarly (tefirmed thinigs
that ma~tter tO uIS and to ouur friends. We discourage- or combat aggressions
because yieldinig to them would badly 'affect how we 'and our fdnds would
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live and gov ern ourselves. On the other hand, thle way we prepare tos defend,
ourselves affects thcse attesto eermfcair;gtdsise whnen
we talk of relationships of military aidt to the political and economic (level-

opnlent of less developed countri~s. They* clearly dominate inr gker~rillai wars.I
But they also affect life in the industrialized, and dcnmoýratic societliIs. sof onr
principal alfics. 'Flie "%G'ýrrison StNOat'and "Ilife iUndergromind" figure lht:n

in polemics if not in analysis. The actu~al proposals for national defctse. aiid

civil1 defense in particular, that are- seriously 'entertained today show a \a'4~

disparity in scale between these polemical nightniaiars arid the piopoSedI
Acaliiics. vMot covC1i 01 IicRA jiisIicN 01iit oflnidYNIS ajIllC Ici lmi ijok Iii lL'S i

'suggested hy the fact that the polemnicists have reversed] t~h,;:n-sclvc severail
timies; for example, on!-the subject of civil defense '; (Not long ago, they p'rP-

claimed its henefits for urhan planinim ig, solutions to the traffic r'rohkinc ai~id

the growth of' g reenhelts.) Nonetheless, while hoth the sca le and direction 144
the effect of military choice raise essential qutestions, there 'Should hi. no doLuht
as to the relevanccelof the effects of fulfillin~g oar broad m11ialay 161imS (,)[ 0 ! 1

evcn wider concerns for the amenittes of life- in a plural society.
Aims such) as reducingz the p robahility of attack or limiting its effectis can

be more or less ambitious. (1) We are likely to want highly reliablec mcthods'

ILIAN~kIJI16 IM, J11114I)M Y nu ica wi liv. o Ing .-,thatpro ahiiti
is significant we might want (2.) to limit its e~l'Icets drastically in all Cii'
eumnstance;s of ttack if it vere feasible jindi it coidlie il ' one at rco'
cost; or, if not, we'd like (3) to softenl somewhat the ea:t astropho III ;ii i.

some plausible circmirstances.I
In brief, the things wc wman oi ihll %. it.iglit bce affected hy miilitary choice

are extremely variI,,d. T hey range fo thini gs that nmight he ii tee to h'ilv
through some we rn)ighl willingly settle for, to othc'ts we v' oiild take ais [1h6

ssr'for the 'life anr iur Iocicly and
rinlniilmfl'i ncce5, the ijiio solity cne
gYoali, as well is interests exctendling hieyond Our allies to friendly ne nit il

pnwvi.'. ht a 14liuIiih uinsens, they e-'ýtcn'J even tti our Cic'iilic'- ileew h'a-Vt
Jimitcel initerests..in common with thern.

7.3. I01,14vING OR MODIFYING (il I Ci Vm;S

'How do Su~chi hroad objectives as to deter aittack or. to conmta in its ettects-

figure ian anaysis as distinctfront apomi ys" a'is t adoprtnl
researchers, as well a-t stall officers., inl enerCal feel raher uneis' dealing With
broad aimis. 'They arc moore comfortahlc wfirei exaamiiimig ,i I~i ' rm i.emm

parTmtiv'Cly low -level rnea uS; oit With teehnit inis for aInalyzing alternative me1ans

to a Kiw'ei end. Tha t sort of tihing SIenMS, if 01C dIoesn't look at it too elInwIsl..
milu~cil firinei groond. The larger goals, We May jirefC' m th kink, OF"e nom0 dinc-T1

selves the subject ot analysis. They alfect it, but it s;eems.-are not :ilect~il:

by it.



110 lW then are ti iCy dr-iVed'? Iwo sources that stiggest iithcmitselves are (1)
'iUthlOjix' h she'c itisi n 2 intuition, thtat is, thei intuitioni ot

the analyst. In fact, staff paperS and1 systems11 anaySes lfrequntly stars hy
*listing somne rather grand tiational objc~tive2s even The N ational Pulrpo(st'- --

beforeC they pass' quickly to 01he hodvy of the work itselfI. '[1hi:i pr-oCCd Lre

permtits concentration ont the pifoiessiotsal functions aibout which wec aLll feel
more comifortaible.

H owever, thoilIgh ýwe may start with OibIeCtiveS derilved trouti authority or

intuition or, happily, hoth, regarding either of these methods ais conid-rinig
nulldity or ii ni-t nntcascn ove troublesomne.. First, the author-

ita1tively lu~geivcd ibctvs t thesec hligher reaches, are likely to he. ntt
muerel y hbroad, b tlt eXtMet01t thin and ra retied; I(. VivgueC iito hAVe :i v i
operational sense. Sceond, the authorities, !A) farl as theyV say anlythling diiie
and :V': ynwhere' t~lte' d410t -rc t ikely to cot iti je Anti tug others, there wil
be national (hillereneeS w'Illill an1 ailiiitnee ilid, Withiti the nationl, itrtet

,,3terser-vice, and intraserviCe ditfecret-,N ;m ad So o[n dowi t torther- minutei
instittutional suh-divisioiis. TIhird, even shared or commoni ohjectives (like
deterring a general war) Conflict with other coimmton nhjeet i\'eS (Ilik hiV]itu

as We'll ats Possible il.li� llt,, ic ltuttrex. (Or they uiveni.ap with tither

sharcd objectives in obseiure ways tha~t oITF Len 1 qute ismuch trouble1 101r 01V
ann mlys is Afavor able ilute rdlept' i dii c It trees us, into a WCve1' Oc f con sidn cil t tIN

,Is to) the illlLncrmentl cos~t to do a1 certain joh) with aI defense weaplon tintt
seve aI double pmpose by connpiiiimwt with :~ies deapo Hevvin ttttIV

ai single p Amp t f>til te i;tt- telietidcii~ce inty lie unitfvomih~tl. We itay not1

wvtnt to kill hltoli tot iwoý hints% with on(-, 401Wi. FOUrtht, 11)'- tiAr~;(tivetesS (It
-tit ohjectivc depe(nds onl its cos~t. tHe gaim- ninv not he %vorth i th candle-. Ill
the liutlitingr ease' it Mtay not bie feasib~ le at ll,

We. Cannot inl geuteinI settle tlte qluesitionl its lo Wliltethte liý:
diivegeliee of several plausible complex obj~et~iiies or whethe'ur they support
each other withont :i taut and spe)CITIC quantmlitative look. TOi determ1ineC co)Ss

and frw'aihilitv~ai'd effects on othur ends reQluireCs close analysis alit I eilpit cill

1iii stigAtiuon tuth is inure likely to he~ir frulit it Mnr investilliititn :'. tnot mitnply

patssive, lit gi teS x',61 it a :rl ie'r1b britw wayvs of m aking sevetial o~ cottipitt
ible w~hichi minder eXiting eirenntstaIMCe tie'( riot. *Whet1ct- ;iitiir !Alitlpor o1i

di't '(tOh l e~icli other wuN01ttld v;try Willh the itte'aitis HUsed ant ViV1C t1eel'c

fretluenl, :ivclt be, tttildt to c~onverge,, thait is. N2 tuttle citiomi~tiltle by the

tlmittuinltle'sy sukcrilices one vitl tuhicctivi.ol hm inoimitt,invtt to''

desigufreqtenLJC~ily Can1 get at L'Usefl coniprontise of both. ,uihc rt .'t'k t!l

thec need to 'break throught constrainits, to ha1l !ý sorntteiuims fruit t iir I iteil

onl lowerlee needs; to higher level e',)si Th le prsnconinitieit sugs the

nccess;ity of1 loo~king back down1 againo from cmds to itteiti, to eValua.te' enib;.
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In- lao, XVI' iii :1l1(, 111 il[ orokess 01 chlisitig aki1d Ililoidililig biothi fIleanls

:nII( entis. WCe a:.riDMSC tile enid III toIsN (I[ thle inca!HI 1equiled, as ell ask
[Ihe reverSe. ;i short, we look ait themn together. t1

All of this nily Scom it) toteiiilict with lain illn .ir ;igs l~oiit .Iiics- bri iig
'tilt jintae", 1.iiialleetedI by LICF", WCaruai. Iic' yustibus~, we all know, tiofl
c.st lisp~illaiolum. sirli aPhorislms sliggcý,[ 1 hat ilitititioiiwll ý%:1 to, or atl 'Iny

I ah -is all that we have available..
X'et they ale not. -oal copelliiig. First there Is ., eoiilicet of authioi ity

':a'en hereO. Tihei eM have I ben oicqite rkespectablel SaLges holdhin tile Very
Oppiosicr lasiyc- aire lithe only lifiii's xvi nfl armliril ilhinit Whet heil or Twit we,
go aliOnp wimL th~is couihlct-staticnieiit. :IT . 57LfiA I~lCIC lea dint, Wirett - a.t-i

areiiieri tedto iiiehiile, su1Chj d(inI)C pies WCeu ~ as ehVe. deCscribed in
JCIeiiiI'C linl :HIos L'01111iol1 they,. ni s'Iiiiciear. neti atrbe flrc'.iucitly
altered. arlt! of. tmif/c rgireucl abhout al the time1_.

fr~~l~.these miatters are miuch tot) coniplicated Ofr -Iny anlollgy With
s)iiiip)le WeIsiNiIMI lI'elCiCIe.AS like eh10Ocolite lasting helter than vanlilla
thnil igli mich ;Ii analogy is Niig(gestei 1w lilt word ''taste'. Preferencc orderings

irniiiunit iV Ciov ihiibjiKiatjiVI; .0 fStuCh IU age wtinsl !IS to de~ter i OFtO fight
ln~ .~i (lilt ilitui iniiclriiti in at iis scannot be sýafely est ublisnied by

th.. toucn (IT togu or191 (I s Vvid*~ wI -lieltion:. or b-y any oiiiei unrelct nxv

I hrd, wc 1, ýI'itlir hlim lllisiiiipl to tleb~ilc dhilt-reiies limit goals.

(11', iiil NIII IC t P iC lit , "i VA I0 S ýInlllsi . n11 esiclnd kv~ 1 ag ' ' l

zwiei ye a givent goal ,iiid Ite'i" 1 siutibil ity with otliiris tild Iiy work ii g

nil XseI i lwl:fi- ire d 'no t m ii lorc Ihaii h)ine [silpo~t.

V( o111Ill, evenI WitICI- aL d.,tin iiaysis doesn't We, ontl pri iiarily to ;illeel -

ohje-l ive,., it is likely too to

Soi III U hese J~uilots L41i hu illustrated 1w elnhoratiiic a bitl onl he biib~ctive
Ill (I~tel~ifiiii (cotitnellni Oi o ifillhiielt,;',tkiiks iii1d o)f limiting d&iiiiage

ii' Cast-, deterxeiihc. taiis. 1 thll di'w''l ("I i IiI s,I0 fyiift lielt- n nlt2ct:.incii-
t;h ii'lt) and oii tho: roli, fif th'-sii' d i, iliiiii the

I ) ~IMij I5 ios: I II I ; IP Iri I-i ý 1( IN 1  IL r I "qr ii ~sni If sýl Irs

Ililt pusl) ir lv'rsi Im I" i "I1r , bi as~i: oitslit'' ¶ iss i''4

iht ~s I ir 4 lSit OI illoy. ilew, w is ['lit-: i.S'ihiii ty (ii wiminiiig in iiu1W vicllulies.S

111f fit Idb' Ec i. l"li;' iiosli of 'vri-i-iis ;nid Pyrrihic v'jettiiý CSire niore ielevant

than t~~ sa b-licime t1here may he, as thle ;logan syl no0 substitotil for Vic~tory;

if i.t' [i.-, l

bu iIIm iS 1( ,I,
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'File pdwers dill ci in their willingness io taikc risks, and perhaps even more
ill dicir undersiand-I (i f what tile risks may hei. Nonetheless, the wiry
behavior of the* great powers---and of many of thle minor ones---testifies that

they are conscious of the risks that local contests of limited and noanttuclearI
Violenice may spread Or hecomeHI nuI~clar.

But even. if deterrence is more important now than ever, it still may he
asked whether thils has mnuch pragmiitic signifiemc~ie for military decisions.
Isn't the best deterrent also the force '0, ;)ic to exýCeutc thle threat, to tight,

And to come out favorably? And doesn't thle reverse: holdI true?
This is -not the sort it mieo1ion that canl be anISWV'eCd in the abstract. Nor

do I think the answer is a simple yes or no. C apabilities deindwith only
oneC of these objectives contemplated might dtiller from capabilities developed
with anothct r primarily in minid. This is anl important point that has becomeI
increasingly obvious inl the last decade. Onl the other1 11an1d, there is a Very
l:ir-ge overlap., and this is vital too. To illitstralc the possibilitiL'so (!' Ivegenl ce,

J et line Use all examlple, Which is, ah,'S, faa ilifar- to all, Of uIS: the aclivitieS of
thie traffic cop.

Tur tct10 Che citl/ fathers would like to redUug the ottipber of violations ot - the law.
They would alxao like to bine or pitt in the c:i ink as- nmay vionator. as- tney cain.

Teeare two ývf-ii~i alci. tiv te... lqu: fcz,..r.. .- ~ h
i-nis: one- is the. familiar a111)uShI technIiqueI; the other -is solieijiacs called thc,
visible pattol teýchn1iC1ue. The firsi i1WcreaVse lie pr~babilhity (i finterepttionand
alrrest.: Hlit- mecond discoiirageý; ciilpalulity. Now it our goi! ;s it) masmiiiii/

thec miniiiiur or projxu tion oit speeders piiuislted, or the total (if na11inAicial
leveimia thrlough lieprobably the best way I( to doilue job i-s hw ambushiJ,
however uneasy such a sneaky taictic. itakcs us. it 0Ur- goal. 0ii 11he oilier

hanld. I'; a redCtIoli iln the total anunth)r. of traffic accidents, say, or in I tie

nuit hr of'- attemnptsý to violate tie lawv (even if' orl the wlmoie ,uch :ittempts,

ait eaIo uS do take place arc inure likely to be nmireessful, sinace thle cul prit
is ;iwaie of 1it teCons n~rcsncI)e- ii ma~y YL, v-1 c that tne niilfe queiii

obviousI pi esence of policciiicu:-itia caale of instaiitaiiIcotis, ictaliatioiii ai
s~c~c .would nicouaraige caiitioii, and so a1chieve sýuch go~als best. tit miighit

also;( avoid sonlic [it [ie uidcsir-ablL ski& _ itfcts of tile tinlnibihl tetclinliqi e. Such

w; the ocaillfaintly Inidiciun:S Visoion oh ', bIII-ly g~rownup on a mnotorcycle
m'" vlin-ie1 neliiid at palm11 tree, vith'f~l ; i 1icivie ~i2

oit Our respe~ct for municipal a uthlority.)

Another 'rlple- examtple 0 uiii my ownt cxpcriciicc 11i1CeIt~s i i ik

C0ontiae111iil miSSion-. InI the early 19I wThen vhci h crt16lal prohlcui ot the.

vulnerability oft stiategie ft(I'C ircS waseginn ing to he' nuidestood, it great iia v
alterniative melkthods of protectling thec Corce were be~ing, corisid"eru-d. 0le ~f

aciýat amitny iniethods that I licaid sialggstecl thei, for protecting Snwould

have ingeniously reduce-d the, c-hanilcS Of sac' tually being hit bydeiin



I1 Ii MINI-VN AN[) %NI! ojI- ifO[. I

tile efleIly 10 int hrking S,\(' Was ye ,Ivhlierahlo sonic pII-ae \vhlcrc in fact it
wastoti J(Ij\..ih aqeLinlcnt ran. temuPted 1`11 our- scicming we alkns

might aItt~ic k our sti ite g~ic force at thle ~ippare ut ',oft spot. ex pend its bonihs
fruitlessly, and so gunl us a crucial advihlonge toward winni u e tile war. The

luallicular liofdceprtionl SIW"ested ill thil, armllioant Involved Coscts of1
over it hillion d(ll itas, and it'secilucd Ccla that the deception might not Wourk
even then. 1o 01 ton tely, there were alternativ Vtaee Whch were hoth
cheaper and more dleceptive. But ithIle essential weakness of the ar,.ilment was

* thait it- ignot d til t-IC it. tha if' thle eneCmy ainswered thiis -1I uvitliOn to) cloliher
a iipoe S-fj0SLIY SLof SAL Willi aL ilt'iii aitack agailistL our cii is and our'ý strategic
force,- ho might very weli miss sm( Imit. izoortunaiety hi -;h;

1). (~'., Ntew York, Lous Angeles, and thle rest of our' onta Or cities. He. would
then open a warlice might not. have dared to start uniclss liw h;,d hueniieluided
inlto thinking hec could destroy our icotaflf.itory force. Dcceiving the enem1-Iy
into thinking SAC is -vulnerable sonic place where it is not iniorcs tilhe tact
thatL SA~CS dletrrent 'effect dependLs Oil a reputaition for invul ret ihil i t every:
where.

T-his one cleair-co~t example)I Of how it is r.ossihle to neglect deterrenc in
choosing precparations 1(o tight is mn onimportant though.. lucid example of the

).01l1liuY of dlver~geoucv. At 1ow1 1-oo lt 01, ole I ,.5hs fliie~r -Wce. -ol
but.! nIoi~c mi ii ortauit cases, prograii liS Whii wOLnd have given uts a strike forcu
powerful uinder qormc(. vircu,,nistoncs of ouitbreak, hut dangerously weak- miidci
other quite likely eutaiddions; ai1d 11Ifi'iei - (r fte.iOlhcrtitty s

(Itctrt ent when -the I'oi og goi r oughi, II ~LWvCrl, theseQ weakneýsss Were nlot
clear, Thieir d(.lIclosiiiL' anrd their iiuplicit ioins for the ofijctI~ve ofI dctereitcl
took systemat ic anad cery nttil a!)-;i- atni;l ant projected orierations.
And the hose stiudy, desc rihed in (I'hptecr .3, Wh ich undcr-took such at labhorioiis
anialysis, field AtF preilinninary findinlgS quýite tentativey for' nuinny Plm~iiitv:~

In1 f~il t. at the start of thle I 9 50's, thle prohl~o of pr-otecting ,!h:omhcrs, onl
theL gI oLIiu" FI i 0111 V Cu l ~ l~ll i i ;CI ii it kc (l d1 Hoi ilL ligiIC 1,0 11iilICII i ~Il l - ii Ill i

aims. Part of the cxplanaitiuii for this ks implicit I!inl e c descriptioni
0i1' Jijif gic 1huiolnng an1d fleC growth1 of' fli illtcreclntillcilltal niiisioil. I~lnt

tli threa t, tile threat of land invasioii ii I Curope. We expected k, s[trike- kwlth

,ti t !Ai~igc I rce- rlbstorlltialiyllllnc'I e a , lltc.et

shoiut we dIdn'f have the probleni of ''rikini' second' ill ftie c s iil which
it is used todav, ilaniulvl, stnikii- b ack with a force that is 0mdiattack. N'ot,

oIcu.C Camlise, We lrl~ltIie WgrC~i0!l but bco e''lll to
re:spond to oin aggress;ion Ilircc:tcd priimarily afgains (iil- allies-,. Ni ore-over, we
planneda to fight a long wa"r Inll irope atfter CXfeIldillf, 00 trtgC itcYi
capahility to destroy as much as; We COlull:l of' the tiCOInotie War1 fllCIAitif (if

l{uiat that time flic principal strategic target :5,ysteui. In time (if' peace,
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wcexpected it) ba~i 011r hoiileI-S illifthe cont[iiieutal Li.iitcdl Nimaes with a
fraction oiL themn onl rotatioh overseas. Alter the outbreak wL exp~cted to
move, ove~rseas and ito prepare. to opevalw baick 1a1nd forth With Our medium
bombers between tallgets and the overseas I asecs without rt-ri irno 'ugto thlt
I InitedI States. Even neglectilng the possibilitty Of eneMY 11"Q1tbiii- athjek, flhere
wereC en011ormos dlffieul ties in assembling tin :idcqnaie* 11111b10r Of boutber0lS,
tankers, trainced crews, storage, logistics, and(1 base eapaeity.. ( iven, the nlail
ten tance problems of the heavy and medium1111 bomber)Cs, [he short. rantne of mo tes
of thle force, and the prohlemn of brirngi ogaiel alo h ipaaceeet
(last bomlbers, slow tankers, stocks oft rather p rimitiv e, un reaids tiniubs stored
onl a few separate bases, etc.) nee~ded for at strike, the ;t ralccici hotibairdmirtt.
wa.r woufld have tn~twn days before it beganl. Flnemyt. boiubinig attack oIII oli
str-ategic forces then wouIld have been leveled against' anIl esrel ly nu-

consumin111g, complex, cumlbersolre oileritu.11 - - I
Second, as we explained. in skechling the history of thle B-3.0, thle pr1ohteu i

of trategic bombing was conci ed quilte d illerently' froni the way in which

it i.ý thought of today, aithouglY it was based or1 al bodyI Of loe't rileC and

pred isposition, evolved bectween the wars, and during1.1 Wor-ld War t,'a ito wVlia
was usecful for- a strategic force on each side tto attack (mainfly -the iiiilistriail
sources of enemy power- aid his 'will) and( whatf were the prieid otale

to rc'acliiii thlese objectives (mainly, theu Clcnmf's active delenise)'. it %Was
i tatural that nuclear wcalundjs were fi rst ahISOrhe d into our thinlking_ III termis
of how thecy heltped achieve the establlis;h-etl objectives against the Cstahlishetl

-obstacles, t his ])Lto; us nd this definitioni A the -problem' are \'isible for esanliple

iin the- intmrervice controversies, such i as ft(e 11-36 investigattion. where key
issuelS con1cerne I the. .1ihi v of tile B4-3C to pene ale I odtern dlue.the
ciTectivenless of 1udeiCar, wC.amUS, a~ndtilthe itor-alitv of holuhling iiuiiiit1ilitarx'

targets. And they zire visible also in systemts" analysCs oft thIiis period. S- Sytels
anaiyt~es to assistbombe~r choice looked at spee~d altitude, bom11b htild, sin1ai I
versuio' large aircraft in their performnance- through eiietiv defciises andI overT

- argois, ind the like. AiAid. filte bomnlbimmmg SVstemls malje iH[YA' aleliel (1i11
S- hoinhers essentially ;gigniist hiis defenses. onur tefense sy:stem- is nlyscs w~itl

minmor excepLionls lilatchId- t~lr active eene agi iIit cctu bmhelihC1. [ii
n1one of these; Was thle probilem of protecting homoler ;gimi iitvtlik

-iii the cunter Oif iitlentiin as, it isi today.
rue vitl difi'erencc e he) wren an------------ g'f'ý;n~" l ii[ ;r'->

'Ind thet ohbjective of getting :1 seoroll-;Itlikc eaoalsilitv did eleee ut onlyI
-in the cou rse of extendicdi emipi cl wnk'[Ie -W 'It Ld s~ ~imaIb; -- i-
F. S. Qi adc lit Chapter 3, pi oceecded by at method (i le'st- ifr at
tiotiS. It ~om-paired forcec for thecir elliciency in cairyjine at pa\-om l1( ht-vcciifthe

8 liee quotations fr ont Webster atnd J.rianklar't citedt on poi~x 109



loEl iJMrN IS ANDr M Fiiiic 1ii 7

b~ases and tdrgets withouit opposit~ion c-ithur hy enenmy interceptors or enemny

bombhers. Tlhen, it initr- e obtce ucesvl:frt, nmy defen1s .s: then
enlemy bombardmrent of our honilirs and othecr elements neeCU(dL to retaliate. In
essene, then, the alternative systemis were tested for their:first-st~rike capability
and then they were com-pared for their second-ttrike capacity. And theý Pro-
gramimed system11 pCerfurIfied 'In' at 'drastically d~fforcnt wvay, depending on the.

ordei lin which the opposing side -,truck. In tecouise Of analyzing counter-
meaCsu~res and COuaiter-coujtnterlneasuiresý, the cfuinsy bombar1 dmnit turned o111
to he at dominant problem. 'This wa's true evNen f-or al vety muICh imIproved

overseas operating base systefon. The refuecling base system wais very MUnch

less sensitive to mtrike oider. It is only the fact that strili order imade sulch
a difference amimlig systerlis utcnteplatedi that gave :the first ,strike, second-

that few of the programmnved bombers would, have srr'llvived to encounter the

pr'oblem of penetrating enemiy defenses which hod prev'iously been taken as
the main obstacle. The a~nalysis then not only was affectedl by the objectivesý

considered, it affected them.
T[he first-11trike, second-strike distinction conltinlues to have an interest Ini

the on going design anld redus !'ýn of the strategic fOrC0.s Of the maI~jo-r puwers.

-t',it evenl Iloic InI cvaluating the_ ohiectivcs zind likely accom1plishment'; of the

so-called '-nth country", or independent mnclear powels. Its applicaItionl to

theiLr eases should remind uts thait d-teri-ring ii great power iloes not followI
ailtoimiaticall' fronm possessionl ot nu1clearl weapons: It is an enipirical qilestian.
a quesztion of fact. And, in thie cisu ol LL sn~ifle r nnielear power's Attmi-iur

reliably to dete!r a great pow~er, thm-c 4urefea6hi!OVy isslirs, Whih MVar alw1ayls

relevant in choosing objectives. Sniallcr. powers maty have to chi ose hetwveer

very risky low confidence deterrence and alliance.

Finally, the base stud~y illustrates how a systemis analysis ma y affect objec-

altrnaivebasng y:;tcms. "in fact, while! it arralyz;ed rsr'nr of the irilerp~lryA

hetweeri tare, Objectives, base, and bomtber perforaci(eieaey

aittilipteti to evolve aI Iraiming sysieni that woulid perform well, ininot Simiiplty

against the rather arbitrary 01)-point industry System. :-with whichm it started,

hut ngaiiis a varicty of other target rbijectives (a I Ottt-pOiut eUIpillX, iii bn

oVImIIVUleS. aiid variousý military target svsicrnrs): and it cxatiitncd thme sYsteilOs
it conipai'ed for their sensitivity to chat-~' ill Ow, geoigrahitd .;lla fidlime

requi~rements likely to bf imposed by alIriirdie i'mu. IN oil~ticess5. ill. site~ii

of this explicit and quite su''"ssful attempt it developing at method of basing

comparat ively nitidillere tO Siibstantial chmanges in ohjectivcs.. at principal
oni1tci4' ofV the11 baICseta lv fo' r it,; auithois wa.ý to clarify the aii in iof det_-iknr cuu

and to display the possinbilitsý Jf ivree tiena capacity for destroy ing
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'rhe baIse stud(y ij1Ii~tr_;it~d thle POSSibi[ity Of OJSi: dlvi 2eLIWCe. it dlid IOut show
its necessity. 111 I 95 when the leeoures tnill ciih IIII sVOIMICo it S hiisOCd ~WCr
fitrst irescntcd, one had to argue for the il iijiortanICV Of Ntllklyi ig, dtetrriouici

and for distinguishing it from the capacily, to fight it 'war. Tlodiay it is lwiar dlv
necessary to argotc for deterrenlce. The tt'ndeicy has" been 10gou the op~iist

A: ~~extremec: to consider dde rrCiicc onlly. It is I)OPnliiv to aISSuI-t1 InoW tha~t thIeI-0
is almost no colitucetionl hctweeii dcirci oce did fitelitino, 1i r"_-mli
i!: higbd for az natiol! to !bC able i., ltyith ;mmd1 l dali ill:Ioo to itselif In dii .v~eni

of w;II shice an eoleipm might. thf~n and .,t~,.i .

Thiis bmriiigs uis to thle seconid Ohbvlctive.

7.7 FIAiiIMO A WAR

Thc ob~jective of -ighlinmg: and Com~mig wa ihIvomahly as pllssiblLc it mielci-
10001' f~misl tsounlds innlocent' onou gh, vet Mit does ran cute to the Cli rrenltly

PpIIIpru ~la io n t hamiIlct the ability to limuit mlaIiigc a;isuiiipaji wit le vii
miore innocent -mini pr~aisvwortlhy obhjective ;~l :,,,, ,.II0,fiI.I

'W.raltiogetherr A ~tivi1 us anaivsi5, of tI'll:verlniap~n d vaiec llea2.

objectives require!; a greatl deal of C2onrtl~e iinflrnllu ion ami10 rivooiois c ln

Nouietlleless, pretauniptions oft all imIciltity I )CCI~I~t detL'i(orm' ýMid N';iIf

fighting, orI ol ani inevita'ble. conflict l~iveif I ttiljvc in ~lI-ijll d '.0111C

fragpmentary analyses, hut have thelmslstvcs not mwci the i~i ;i i~ls

or tested by it. Suich dogimas have beenu iiiteiisively h'eld aiid tlci itIght l\ mid l

- -. forgetfully ifexer-sed. There aire, in any cawe, wnilc prior qlivest ois" for. ii It

Objective of limiting, d-mrige anmi CMmilill It out *ztt);Ivrihly during t \Vill.

The first of these conce~rns feasihilitV'. It xumn; Clclar of-Ihaid tli,it ii liiiiLhit
heC nlice ps haýve -Steadily dulringe a loiii periloin d of ae pctc .Is idlrlit'k

Illjpj)iiCnt, 11(.% imIIitCY Will started it. It i, loiLIsttIIl thait lhiii ¾icr-aislo I I!

either ofi tilt: great pIowurs 51 -is :I. tl lilt' olilIit 011 ".hi~i ;Pý tIilt 111*;

execises jimtciioe~nt carle. O n thel-, inilti ii gI titor ii ibiht;
!tIoAimni mt, thin e;II.;istlpicmfhwii¾ia iiiwk F:o'rnmsnaI'hil ssrise'

Wmuch lc',; ctringenit problells., -i esliiy I sarc1. " cgiiol ini 'sliJeh illr

:re .1ci.uittresting et-wpiriesi Inl ana lilytica! qm11ietmis rel o in losc ex-ioilinaitiimr.
of' utilities', costs, aindi !he possibi! itics o!t conflict or imiituim su~pport !ev

damage limit~il-'g anld ijeterirerice- objcctives. .

D)eterrence Is directicd agaiiu-t contitinental and local aueeress ions as widl -,s
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jatercont iknent on ces. A0d it i, in c~onnect ion with deterrinig these ýspccially

that there- lee-: developed ;' odyl oi. opipi lmi 'flith- sidihject of- whother floter-

rene ;Ind lilttýd imLge c ontlicix or- stipportL each othert. The th eory of
'A massivt2 ret lal tiofl, Iiko 111L thor ry that \Ve should aimi -at deoterrence only inI

colnnect ionl with ii *incroltiticieuial wat. tests on tne premise that thec more
tiorrihlo the threat the hectte~r the tihterren 1. Moreover, thle horrors we must.
avoid l1imiting, it. is, said, atre those pircscitCLd thle Victiml is well as thle
aggressor. Bult it in ny he dooihltCd thalt thle CfletiveneUss Of!: tile de~trrenlt

is ..- tioCtion siiyi t'ilte. danMItag l-,1ikeyto he dove1'. C ritics* of ThiSive

-it 0-1 fdluie ay ee.o o
JIV tht th thret will be execuited. Anid this in tuinma deen nio
thing"s look itl thle Inmon it of decision: [l ow does the potentnial aggvressor se
his own allernatives? And( how does hie expect tile aiternat yves to loo~k t~o the
victim of his wggrer!;sJil dUrine the crisiswk ~evci rs eieo

hacking down or- gettii ig ready tor strike hack'?
Somei~itims thle scale of a threat miaY c rucially lc-sscii tile, likelihonod of.-its

execution. It !;cene-: that iii Korea, ailit :I lit tic In~ter in Indochina. thc prohahilityI

tha fittlie 14 nitid States -would aCtually exploit its near ninonopolv in ntuclear
WCHIMIiii wa~S dimlinished lly tim fact hat tlile cxticine violende' of ;uchl we-apons- u

',k~vlk Mii pproiprilct h)otli to key U.S. (ecisionniakers ariid to 111,1ny Of Miir

ýillies. Ouir trallie vx~i trple- can serve to iihiistratte somethiog of, thle same. It

Ilin pi \k -CIoi t hat if' thle Visihle! patrol ()f speading trallic Nvere liniked to a mlostI
hslrmnt ofd the Speederl whiciI Iallh, We would h1ivi.' aI nearly ideial

deici rent lto ili ;die violaiiois, anld-the worse the -punishment, the eohsci to
lire ideal. On -this tlieoiy, ilie livsI waty tii discourage tradlic ollfcivi- liigh, bc
to m1ake them Cap~ital crlnics, puIIimiisHh~irl by dt2atli. While snelII aI ptiLiHsliInitt

-- appears terociou, enl-ough to limciritirge, anlyone's goinig fastei than at crawl, it

is not clear that this is so. Soneic eevaint historical experience' evenl suggests,
that it mIligt J1ead to an increase in spe~eding and general disregard for the

lasys of iihi.I)iis r uggeted Ity the 1:imihi'u Prhiciot'l HIM -ýiieh
-- . pun~ish iliret, Wot itd be. "cruel and unusual". Picture tile prohbcam pi'esnterl inl

a sicie v like ouir own byv a g'roup of teenagers caught exceeding'' the slpecd
1 imit- It is 1 al'.tul I hat they would he dfirested; it1 they were arrested it is
milikecly they w ild be convicted: and if convicted the execuLt (ii iOrf Sentence'

wýoluld he coltreitviel' ucertain. We would i-iced must hard-hearted pol ice, juries
:1d1jtde4 anid at society thalt would atccept 6CIII. Molt'(VCI, if IlWe cha-;1in Of
i''vens ICa~IWtmn -opuinishmenC~t brol't dow '''tý 'is 'i igUh'i rii UP, 01dit I hCe iiiie

c1c, ii thatt in fact spiediag' Went tilln jil'iir edo. . *''

Sichi mi example is Iy in rut alis purely Ahc~~wo Il deve~lopimiut (if

thile Foglish comimon law jprovldecs au holdy it -. , I'I '
t do

h(ow cnxcc s~ive peimaltics may inceat se tile probabihityt' of' u rini Ii tie( eieiri-ietill -

eCCLItmir whenBit 3;ckstonec wrotea' fominus s ofvr'~'~- the (iiSN
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VL ~u~nd, l1;Irliaiciien had declared nio te~wvi thans I 60 ollcnwSe: 1[0 I)e pI-1mshable.
1,01 deA011, "SO dre~idfUl a list"', MlaCkStOVIc wrote, 'inlStead Of dimlinishing,
mreirescs the i-mmher of offenders, bCcalUse the' iiijur,,i party. throughi corni-
paýssion, somletimles forycars. to prosecute; or juries lor dhe swile reason acquit.

t- tuCCL '1W or mitigate tile MLIANO f Ow 1I i'0111ie or jilogeg !IkeCise

recommnend mlercy'.
NOW picturel What mlight happrn to deterrence if thc horrors visited fellt

110t only on Ohe criminai but also onl those concerned to execulte the lawv.

The likeclihood of puI-~nishent for specd jag, ill ou~r exampl1)e, would he even
'smlaller if inl all such1 

I ases the grou p of teenagers inchid ed th.11Ce, o
thlt j tldge, the jury, or the 1iol ice, thait is, if thle penalty directly affected those

Making jiidgmnelt ratheir than simply theiri Rccling- tF to what was juist or-

[he aalogy ;in the helid of intornatiomil --lrtyi~ pparent. Once the

nuiclear mionopoly wa-s lost, aI threat Of Massive nuclear srdtaiiiation to :t local

and oil nor nion-nruclear iticursion wais likely to becomec less convincing sinice
thle threatener mnignt he hadly driniagod in exccu~ting tho threat. This zippliesI
to a great power, hut evert More to the lesser nuclear powers who adopta

policy of massive retal iation-, they are likclv' to he inoltor vi~llnerublo.

Bu~t the possiloitleis, io1 overlap- or diero ..... in -c,,,,sfrdi-ils
or liinit ing dtm age in local, continental, or intercontinental wars need exan 1015-

Ooll ill toei-v05 c." llhcý Iýp.ocilie of the threats amid conflicts enivisaged.

1.S1. lIre I-Nt:MV Sý iiini- I IMttS ANDI A6AEM I-N I S

In disýcuSsing thle ob-jecLtives Which a mnilitary system s uta:-lysis Ilight help

to further I isted a hierarchy of desires ranging from nice to de1tsptr~ite

mninimia. Isaid nothing of the'enemny's objjc-tiveS anld thle ohjcctioas lie nlight

__vý to~ ("'r ifnlhl Iing oil, Own desires. Bumt, of course, it is part of thcecs-r'nce
of the problerns we are considering that they munIIAilt alwys he- lookeCd a!

.symmeitrically. Th unnIhsavriety of goals wh ich :ve coujnterpatrts of
ours" aInd simletitles in dilrect eonmflict with (hm1.C (lefls, fortunately, 1!A.,

son)IJC goals *ir n oiml~ WOi itnwIths, h Lit 'not enough to miake our probilcrii a

ton1  i IC.) lear is I ise in pi-inciplc, it isreq nen tly forgotten both by

F~Ior such reasons, ;and related onecs I piufir to) distingui~sh sysýtems stmirise for
conflict problems fromn what is ordinarily called systeixe; tiigilicri lng, for examnple,
in the field of public utilities, hy callhig tile former "conflict systcmtr, design". Forr
a contrast betw.ccu these two types o~f study, see mny "Stftategy and the Natural
Scientists" in Robert Gilpin and Christophei Wright (cds-.), I'' irnatis't~s and National
Policy Alakinp, Coiumbnhicoilversity P'ress, New York, 1963, and iny forthcoming
book, Scientist~s, Neers, and Straiegy.



'a1aIN 515 ;19tl deCCiomnakiti i ,i It I,, not LMIsN to, irnroducc tllt! C UCIII 111t10 (lilt
calculltjolis it at w\1%. Ilmi 4satils him i teilegr~ee Of hel-cdIOii, Whidl Ilk ill
Tcaiiitv has, It) Iruslratc ot Ol 'amplelll L1eSiFe 10 ma1,ximliZe oarI 5jh21 at hisý
CXpunIISC. Ill Considerinto thre enemm's ac~tiv v ic ~ile tens 1 hroighl Mwic cmIr o I-1

SIVC SYStenis muilst pcnctrate. do wc IAc lit, -a ieornt the, device-, a s'ail;intic. Iii
e3,111loIte peCCLhl at weaknesses of e"I of, lh~csc t;NstcnIfs', Ill, mstv of? hel
a:imalysL-5 1 ha1ve: !,ell, cu/jo, iormail W111 iiiivcixse oJr .sfif Inipif/J'i I tliiik now.

For example. hi the early 9ý ( S.I1 idik-i dclli icnin II 'l: respecc, did not:
Irenril Ltic cnemy to :adjuct hi.s dtku-,e I)ltldgtt So as to Spend Mlre 1nhilleN
Onf loral detenlse to CkiloltA systcI~~ni primi lrilv va~lncrahlo t.- locall and not tre

defensle. i11is was ha.;d. hItit m~iny situdics u-.,d( t") le;jx'e lii Ifliic

1111 iii maeo'-it a idatogethercl. NVlhtei (lIIif leilci~ n i 1 1 0:,; ll.1 t ioll has I)Cen l ooked jIat

dlriAlle11 i:il 1r101iitd i., ILIJtl t'OJ 1(1 o1 i iltittlleC WaIs to01 AI0WCd 1.0 ligT ireall.A I
ThSd1 riJCI Wt,,, Of COtuse, by ill UiCZ11tis triviall. Thre ehlects of groitnd

attritionin al .1strategic )Otfbifl'g' aIiialVSiS IreqtLienly1 ilOlIiIItilit the airatl"itlion
elletscý. SOIWiiIe :Ia'VlIe etnp)iliiel meho td dcalii with g ;;tll 1 u:i fin
however gloisslv.is Il geliciaesnilI ste~smpirical ilildbLllý

thereC MV haveben soiic shtiilics, 0r sltiij [cýiichIIin~lIiii' systuiiis Iiii which tle mtI

SS( b_-:-s 01n the glOnnI'd. Tlt: WhoE _ V.1-Y very i".-j I'],:I~ J11.-11no Ltpro

of tile pideleireil svsýIllt over thoIerjec~ted sy ~tc~ A.Iisis i 1IfihIitahlc Iio Iltws

dhefttsckcosLits. Bitt uin orltntl hs ot Mi1t UFF Si holly II arhit a;y tnt

'n.11hetld(IY ill a I oily '[ithii0 nIII niosle it bardl' f ulfillied ti-i 1 Nltircrnelit it, it

I am decscribinig. namiil'v. tiking, vnt'ilv of'Feir into atialytic zoii emipirical
aciICCnIt. 11i~llIV. eveln oiw when at study 'fgiotttd mu'iiioil r0 likely iiIl lse

at lea"! lyp(lcicitllel ijitiuterical CstililWleS. it IS Still suiiiuiwh:it m~rc. it li'-iu

cinnirit:al mnlfvos, OF 111v intera':tion of gounuid aittack and nenetial on. mudlli

icss of'. the0 interp]lay between the entire sequoncuc of Y)perations, in)elnuidng

which1 :dhniind ill hi' public hiteawtitic Ia ArillfIvy' St-doloin has-: kjov eiupiricalf

cuiitcil it aI.ll].
INI1. H itch lliciliIi~twd g;Ilni'" anid ganlm- thecory Is devices. hi la itigcnIijs

leui~lctlii 1 ililI Hilo :wcoitlii. l~ike Mr. Hitch, I Ike te lhcrllmic vies (Id

h 11) 1. 4 Z I l is licp liu etpluii:illv. nil n a I ii i i t -l)~cisa t Ziiffied

have been written sllpgesting theý cenitral rolle olf gamnes and' gamec fifeorv III svstei is

Aw fiCnca" an ess-uy ni Mar tin Sn dj ik teil, Gil Ucw II-Ilt- Iwild Re /,it IS Ipf r1 ill

10 Ai0,iai lleI,winr, Jolhn Wileyv 1 S1-. Inc., New YoA . 1964, pp, '109 -
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it is still a loulj vvii .truldirekt applicatitin to ;1aN eemlptic\ prohieui of. poilicy.
iamescan 1i a Vise III COlOmponent Of I S S study. I W-OUld l ike to srs

how' that il k,~ essential to tAke cniciv rc;ictioosc oh'il :kCCOLnot. 2n1d that thi-S

necil not. be done lin I-li Irtinenil- of ai i oilna Vt gam. with its appoatis (iN f

cxplicit roles ctivcrmin perpim;stible niove' and determiningt,e pai l~yoffs fCor cach
playý. F0or examlpleý, RANPI ,l t in Conduciting m1apl exercises to d". erto inct

the porfr lace iatk ro i:t1V xiii i uelsCS [pie thly tryý SOIIe dIefense ta;tic aMid

thenl alttempt to fi~goilc tile in' mans thi eriel my ll as ax ~ailahle for Ci outering
this tactic: thenl they 'I", aIothei ittutjc smuliiii thle possýihie coilltclfl lotVes

,lpin, ani~d ~o n. Inl this! way~o ,:wh 'di i It latcd is actually tli icesult ofa

iAthcr extensive canvass not only oit ou r tictica' hult alorfinn ectioLi0us.

MatChling t1est erueoiV C6L1nte rinovesL I0 kil 0uu l ow oictesw& ýIki all i mpiotaut

part' o1' RAND'S wVork Onl air as ehilWC ee(, hisý sort of' mioichii r.y is tgnt kind ofI
minitiiiax' andIlksix. I'rccisclv [lie ;samle s'ort of matching of* il~oV! arid coonl-

ten jolVe iS ldLfevant nl designing adnu mViliiiting bilateral arm s eniuLt of arrange-

nuenlts whichl should.. it~t ho taken iv, a im'attr. of simple fatith -eb. Sikh;,M'opt.s

to. introli ice thle vieoein by lettinig him, inl his best.. ilteret, 'do his worst it,

owil f~or-cs a'l th len seeing" Which 01t(if l norforcS aecomrpf i-sh thle 'ob m:twsI
Cu ctvcv the face of t his bet-ý merney attempjt, týusoalls I 'is moretha

a formal ameni. linth ficattui, tolo irequenhly the ,real qtwsit-ýiois in doubt concvrti

thle roLles tif [lit: galne, lbnt lthe pl.yers of a game_ are likely to be eonkuentrating'

oll their Iniuuguik -itv ehow to eXploit the itlesi i
1,,.~. ,,tl; it sraieIitandl ss'steuoý mmIN~vts nuimt (or. at "Iny

r-At, (h) ýi ssumelk that pmtcjl:IrIttions for wvars; and 'vmr thenuseives, Liic t oiidtietcd

ill; perfectly rational Yc'av lul Ilith siutic. This soitalld rather f~oolish midtll i

t'act, would lhe. 1-leatl of tate and military cooiadi , lke o ither human,

are not always intelligently ptutu 1 sedlil. theCy WCi enot p)Iurel at~tional hceiiu',s,

and even if they were, their purposes wvould aliiutd sojrely he Lrcdin ris

mnission through the vast noisy channels of' the tburieautcralcics ;in-orni li ng themn
intl (exeCtitilig their tfcuisioni; And, of'tmis there is nothing inl thle nature tuf..

ý1ýc~itlct klen vi d Mitnchic fuut(cN the anialyst to assuimec thlaLt die opposin:g
]);ith i1n'; icirepufeit ititelli-ciul. A candid appraisal of our ownl his;tory aiild
thatl (if omi Allies. to saiy notli ng (ii' what ýye know tif cumeimi ir~istittit .;iou ad

qpickly e'stabhhiss thelicfkteliloimd of rutmalte;
N o eluelesl', t[lit- pessihilitieski jofationadl fehaximir have a larige it not. an

eclýcusive -k r lemit A sy%;tem', analysis. l' mnensar ciiic nk tv.'vrtnaneujs

liesrc the onily beings who are' senciemvex rationial.

lliicilicL\ ltt~l!C_,tIV dot itoughly hew thei20 own tociiin ilii l poici 1mii

antd ill 'it) LD u11e' frustAteC tuir'own. At thec time oit Pearl I larhoir furt exampi~le,
wýe left theý iorthcrit iapproach to Ilawaii miZ~kvivvil by ship~ or aeurial leromi-

1) Wtuert thb' can ,;' txploil ttte iules, oif conurse the ridles sliould be changed.



.32 E- EtMI-N IS ANI) MhI'i 7t

na io.' rice TPhe Japanese had it openl to theml to nIitke a.soiewhiat round-

al e. ut rOUtC precisely throLugh this approa-chý and ii dy~id". Again, we
assumed that thc range of trio Jap-anicie Zeo ws too short for an attack
ont our Philippine, bases fronti Fotrmosa. We were right. But we also aSSumed-CC
that this w-ou~ld nc;- change, and hi this we w %criew ong, The( Japanese had(

mlade the calculation too, and, through a comibination of minor equipment
changes and pilot training, extended thle range of the Zerocs to do the joh".
A very large number of similar examples could be cited in which one Side itn

a war wishfullyv assumned it.; adversaries woolld riot ;rda'jt 'their behavior to

exploit it', weakness.

i-Anoither exam ple fromn World War Hi concern,, anl incident in whiiich
assumijng rationality oin the part. of the ( iermans helped the British design

a counternicasurre. Dutring the Battle ~of liritain thle rintish discovered that
Gcirroan bombhers were navigating with a radio be-am systeml known asI
Knickabein. The British were ahde In intercept this beamn by antidpatinrg

whet e the attack would he inade. They did this by simply reasoT~ning that the

Rolls Royce works at Derby, which -were nmaking substantially all the enginesI
for the Battle of Britain, would he the best target from tlte standpoint oif tile
Germans. itnd that they therefore would attack it. The (liernians did atnd were

i-tercet-ed. Fn short, opponent~s somnetimnes do behave [in a ooghlty rational

way. To inore this possibility is somnetinies disastrous: to aknowledge it

sonmetimes; can he very f'ruitful.1
On the other hand, it" aI sprawling, and cornplic;ited mechanitsm like a

Eicpai trician ot ivinisti y of Defenise iii the hig~hly unIcetin sLtutio SJL:101Of inili~tary
technology todaiy, there are honird to bie plenty of irrational ities. Doctrinie and

ndesanling ar likely to change slowly, and even when they change they

do niot :dfcect the forccs in being either immedc~iately or totally, particularly

with the long periods of gestation necessary in research and dcvcl1oprl,,,et of
Counlex uquipirinet. I lic history oif 11wv B-36 illustrates both the long perio~i
between the concept ion and .the me;; Iity and the mnany hazards thait attenid

pregnancy and birth. Th- forcer! !in being at aný . timec are likely to hi!- composed

largely of' weapon systemis chosen tindler quiite 1 ilier~ent circurnst inces from
th ose, that eventuated, and, very. likecly, onl the basis of aI hai,v and err11OneoS

7 urmise j., to w;hat wasý coming. We! May expLct lgtmrbti ~hr
to tell just what they will lbe. Some adaptations are likely to~ he swiftci tlmn i

12Radar stations covering this approach were operatirqg onily from -, a,,I
7 a.m., and the.'warning of approaching Japanies aircraft, picked tit) a ftw ijoiin cs
after 7 a.m. by two radar operators inl trainhing, was misinterprete-d as a flight of
our own B-17's.

13 For these examiples, see RZ. M. Woh-lstetter, Pearl flarbor: Wartning and
D)ecision, Stanford University Press, Stanford, C;,lif ,1962.
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quickly than a change ill equipmenrt. 'Theref ore it miay lie more hazardous
to coun-t in thic 111wi-itedie f utuire on I he pprsistencc of irrational behavior iii

*enemy operations01 sfl itegy than to depend onl stahility or slow Ichange.- inl
* enemyl- force c ompositioni.

'Hlow should a systemls study deal: with unkcertainties ais to the cncrnv'a
capabilities and intentiloas! We have seenl that one 'way of avoiding 1C
problem, where the enemry is considered at all, is to limit considleration only
to somei fixed composition of olfense or defensc which is newt allowedl toq Nft

iV rcsponISC to a1speCts Of o~r' strategy cectairi io be kn~io%ýY to himi. 'This makes
aconivintrson (it alternative systems sbetto at least an unconscious biaS

ill favor of Systems that deviate from the nrttruis that this fixed force might
have been invented it) coinier. And it nivakes the problem oif micetinih tue
enlemly tOO ealsy, We assume some fixed combhat ceilings for- his lighbters aiid
tenI deiMse a bomh1-inI& force e,1aha N of -yin s igtyIigiiei. Or, -wea~r

Som pecific lo it to the ran`ge of hiis local defenses and then work out a
device for sending off bombis from just outside this boundary.

What is [lie aliterniative to this? '10 iissuinc no resource perforfamance coillI
".lr:11ints, oil, his artI ;It All? This also wouldI simplify analysis by making the
problemn insonluble.c if ourl reCsourIces are, limnited anid hiis are- not, not i iUih

calculation is rcclulirl tdoC 010 rain tile..reuilt. We hardlly he;fi V,
aIssu~liti-i thatl We haýve an1 tibsulIitIC LI'lefeS( againlst hiS, hypot~heliCal absluSILte

01olle sc. t e eI '; gCrrn o! %visdoiii contatined in souci ;illeiipts to releasec

variouls rcarsoiahly estimateAd Cu~n'Xtraiiits, It is g,.ood to finrd I he enemly eapabil-.
its' at which our strategy hireils down. th.uf- couirse, Will alwaVys ,o~clni at
1,0110 filiii, point ot icill i l'iYcpability.I

lit gcrelicil, thieii. it is important to, ma1kc hrat(,!-ke~tul el'Inate of- at least the
gcl('rall resouIrce limtitations in or -der to keep the subject short of the w~ihhr
(if sci'ecii'( fiction. Onl the jithir bai i'I, we nil is give the devil h.is dl0 "Ii ind
Permlit the: Cliciii lrcedol~li of alloCaItionl Wihinl tho)se resNource oonstraints,

applicaliHe for the, tilme period under considieration. 'this mecans that forA
dleveliopimeint prohlcimis, there-jare veriy few spieific resýource corwtraiintsj
that is. ifxbi te Wtiieb we Call sat ely awssillile tor the inidefnite future
(although there imay be Wo C wCýU l~ ;, prype to eXPloit).

'ht, troluhlo. with nos-ly ;un..ulri !nmodems t hat have been used to answer
levchopnimit questiomix is 1lhmit thcy tyet ihquestlirns a,; if they concerned

proillctmumet II[ o~li aiaa. .h of ai flew otfen!;e s'ehi~leý: for IXlil.will
he -represented by a speific ci ombinaition oA inumbers designating speed,
alitittide, pay load, Oci~clraiy, cte I ich is nmatchmed against the same fixed urea

adn' local (ulelnse force deployed inl the saiie way. But evenl if such ýa modeli(
covered Only proctirement. and vopertioa alenatvs iti lar that this

proced lire omitF, significant pussibilitieý; Open to the enemy- -and to us. Fo;(r-



:1even 'when ,xc oe F bi.y rilg all item1 alrca~dy dcveilopot. we iolvati;rabjy hild it
open f'or sonie growth aid adaptatiton xith clianiges iii.the stute of the irts
dur-ing its period of riseC. So fihe B-36 acquired jets. SUChI 11101d121- olil1it rotIChI
of the.( real f! ckdoni t(ii .:hoicc av~iilablte f10--t

Fo. deNehlopulcirt piobcleus ill pjrticarfa IWc cannot take pcirtornimrnee
Parameters as tixed. We need soict techoiquei fin. p~icKing good periprirrnce *1
requpireicrints -irsehill goals Ior the designerl. 1,11w mighlt we ilolaPtt this.)

1have suLgge-sIed tHIM (tile methiod ts'ootd he toI test ach11 sy'stem
gi CI set of, lItrerformaWncc go0 is igir anl Clenemy coun1ter' SILt1 ~ l thtI

withjl o091v general resoulrce courstralints and using" intetorualion r'easooarraly

I ikkelVs'h tIb valbeto hiiil 1' deVIed lrCeise!\ t0 e tlitlte weaknecsses
[)I thle syStuilI "'c aIt' testing. It -is Clear, of, course' that1 thle plobleioil of
Choosing oprt~iilm or evell g~ood rliratchill- rtge frtr rcmyai u

sou"es mincrases In -d ililcut i t s \te cOllisLer sýTrateJCsMO mo re ul tai ill -illie.
We Will ha~ve to conlsider1 liot los~t ýa' fe air battles involving specific iborrrbcr S
VerSU lrsspcfiýc tightcrs hobt -S very largniciie o ' bittles with oti-cosi

sd~ck-i d of 'l v! !ills i pu'S opposN11 in Nall olls C ii ilrationfs iii local arid areal tie-

fel~eirs .andt a1 Vs':ir let i circrnrrrst1irics irrVtil\'irlg LHIIifterin reS01rreC i ha 11

l1ý trOtl Itrele (IIPIrýý ld tire''nerrry1, rrrriiig. active, antid pavsSivetleo1Se :1t1f1nse
(,)it, Way' to (teat with ;I--rilne to) rie eiierlry't :II;cpai~lities 111(!:

irIclirtilims, the~i, is tI' assilrri W1ti1it MAttii hit e )5' Ili 'Or' iLilit tire

t~e istaiol I ejiiyit~fi~r yin r' tIrek, -Ju't ) lilttraf 111L iut liii. ill

ilie orify kkirr(i t opposimg ,ir;rteovif oeorrsirt'i somrir riuloirl1.riurI '.1ýii iit'f.i

tIleri i[" -1I IIi I II ;u Iraysis firm1 aI ter iin wI % th I eptimoil lilies If ItIlk ei, l l u lck'Y
ttrt'rc lls' hi' univ irre optiiuial stratees': 1)i(iir it "Iis O'i'imiat tliril' ;ire aiwurt s
irr;irrv haid orirs- Which of' thesek. arc worth luk"Ii,-, lat?!

1khere is at east1 tone worth'y (4 catret l attutclirim.' 'hi~s is tOre trm t qlF 4tratee.

we ~ ~ ~ -1c 111'WILl net'tr;g '.tat is to ";Iv, line Ill ss iiclr filc crtemiiv

COI M t'g s cure ra'llta n, a, Lo 11( i 11 pirr'TI i lCla IS VOI I 1C itst r iii ll IV re cliýired

tlili~it] rcc haiVe 'a dra eal ofi incitili rirkl It wmiiiiu 1, i 'c it rirnwtake to

gin'II Oii , chIsfCt. !'!Oth !Ihe great puv'WC'rs 10 Ur i s riiipit I L it i rit Il I~ oaufqilmite
ha'rrg po(licies, fii the l -05('s. I hras at' iiiIx iiiIitr ihil Ii it tiiik it kwoil
h e V e rs' i irW i'10 t(I d e~ ic rril e sC lr 'is civ y o n1 -t h e n.o .% iiro p t li ii tiri tI '111 litt t irl i it is-

"i i i rpiii "i V.1 1o 111ni it %vooti bet' ri' 1 mii I eld

wid ciilt eyiil ititl l,,'' n cll'ity olt jir', V([ Wli:lt VCi1

eorrrl'irre~~~~ sch ioh l d i nire ''lie it) d "1i C )Ii the. I ice oii

well uhi''igrrei intl( sub I intl Iyd ii cliii efot, wiuts up; -laiitty for irrastiu sillcci s'
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just ill cwme ie, is "inert". Iiiert strategies arc implia tint aIs blclimhlaiks. hut
they also Inc liset ii in develoPintg Iiw:-eonitIdcncc lieasures. For high con-
fidencoe one in li1st assumle "' well desiglied opposinig strategy anid try, maininax.

The bov exmpledislah the enlemy in hiq familiar rolce of ldi icst
in walil let With LIS. [he nleXt sUbjeCt concerns some items iii which his interest
comicidcs with otr is; that is, ;tit ilitercst in not startinug sonucti-mig iln which
hull)I "ideIs IIlily s u stuin ats m any aI iItv un IIIion or numi c C;IstIitIlties. It. Is only
laecaiso the ellciiv hils suchI poinlts o1 atgrecineni withI us t~hat deterrenice can1
syork. F'lris brinigs uls once aigain to thle sn~hj(:Ct ot detetcii a maurs

7.9, tll-,; mm~isi vAI ti-e noi Nli,li'AMY ý INS-SIM rO-al \ti(Yl (IAII (ill i

Ni:-Nsisres that [~is' ua~ high eeiitidciluc of utICNloa'ilig ttie cia nil' citiesI

or niilit ry -h~liiae it povwertlui detcrr-en. To Irmve 'm-11il~c

our lu'irclst ci esi res, precisely beecIimsc they decrease Ilic l ikelihood of kisii a ýIll

at theit, ulime PrOVIdCt powCeul l asstIiriiiee Just uIL easewr doc s hivc (it l ot.

whilec it lis pos~ohte to ohtaiai 1,01ie such ugh-ell OtIh'dL:uce IIOImeasurt inti cimcalyI
important areas, this is not ;IlWiVS the case. ,And~ ttherclore it is Ia.. taill to

eidiscer "onc mcaSL-eS thalt 1'1l 'l sort Of aialVidiii1, MS W'iili -,Luc[I highl

tlllolaifil~ice warimeili calpiltaitice.
NYoi: will racattl that, we listed eai liar'j SCYC~i liiiailceie lietssi

alla tlt, ;Jii I it l lirirtvrsa it tial' uitili i ijItS te cid iintc ai ieilir thiii I
III]' ct I t i O, c lik" I~ a I it \ ~ ~ ' iii it a11 I ll k tai aw ia ~t ~i iti i t1 liit Il Ii 0!

( IfIniti~tae.illil~li' it l ',A Ill W i` iiilV si ip ;Iae tjitkNý111 pwli tal itt wi lltiisiic

I ildciroayw e I)v Lilii I a' ic i -Al -i: ' ' ie tat Ci~lt I alm-- us ( lIl ii ii a

Th (Itn/icirhrlclu-eIo 1isiiliitiice dbjcti a:,syttt Is ilii ~ififiht i itie gOIlIC

FIC iiljiitilfhlii 10 "(1i 11a t which j If l~ita iiictl ta ii t it laifwil)!1::iii

A rOV ~ flY al 11 ,il IIIi)-III

ii~~l nw ll Il-Si it) fl1\,. Sail hr'(till

('Ihie d iiiaa:isiha 1110 (dIA' Witd deires WMalic :d yiiierl tit thea1a: If

Iii:illidglIt tisiIUX al- a (1 a\ i i if tic i aii IaI Iffi iclm jt Il t a Oll a111 a 11 a ;t va', i

IuIiiiigruh it l gl , lat iii lfc;, 'M ai: reaiiiellC I iii[-hitara: aitCialidt a :ithaisl. Id( I aoHI

ia.n tii ni. t I-, l em tha we l win dI-! dhink miamla, tac pl I~ u !Ili am a`( )1ikin:

ilallliatlC a ( a) t th af15lt l~t a1: aa1 a, I 11ilid ht 11)111. Il !lIitit 1 Iitc i w% ll t vii 11 lic

ell aL.itlt Iv I neI '. ho ii 0 Altall , :1 alitili 111t1 SO c hitli il- ti4deaI lziiil !-i s la ii IAti!
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desires. it mnakes a surprise attack a gamnblc and therefore aicts a-,a dctici ent.
(If v,Il Pearl Harbor we had operated ouir inadcqUaile air reconna.'issionce force

so as to leave not one fiixed approach vindbvcred but inte~rmittent r~iiiinni
unpredictable. holes in- all approaches, both we arnd the Jaipanese would ha,,c
had to gamiblc.) Particularly where we don't have high-confidence mleasoqres.
the value of such low-confidence Measures is clear.

H-ow basic is ihec distinction betsskecn high- and low-contfidence ineasurcs?
Do two or three low-confidence measurcc add ifip to a high-confidcnce imeas-
uire'? Not necessarily. Vvhat'we are trying to do with- low-confidenice measures

j5to decrease the enemy's, confidence-rather than raise ours. One of tile

ways we m-ight decrease his confidence with respect to the suiccess of somle

particular attack. strategy might hie to increase the variability of his ~sl,-
even it' we' do riot affed tife- average Outcome. 't-hIs would increase the risks
fol, biiii.ý aj-,1id,,g ' help th', uju-mi-it;function. Bu! mialsom thcas11.t. since
we have increaseid the varial ity, we- have also reducedI our11' coifidence.

Therefore our fondest 'lesires arc not satisfied. That is one reason Whly

we continule to seek high-confide~nce nieasures for cruicial goals where we doI

not already- have themn. They cannot he replaced by low-confidence nicasliri-;.
However, f IisO an n impr n ýJjid vS~eI;telv this less amnhitiou's class of

maueespecially where we are not able. to ifind means" of satis'sn a

more ambhitious1 goals

7.10 It.UNcCRTAIN I- AND To.IHF 0 SM T-4t; (11 MIrKA ni F 'M0 IUi iVi'S

L ow-confidenice omsre iler an examp1I)le at how wein might exploit mincer-
taity.- Ihav sad eough Lo inidicate that whether'i ssfi riirl

anno1ying, uncertainty is a central problem in the design Of L;ystemAS sttdies;
(Mast con~tributors to the voIltmeC are forced to enigage this dragon.)

* We arc uncertain, then, C`VC11 ObOUt what we- want iii do, (!ind uli'~rlv

unsure about what we can do), about what the enemy can and will do.;, aii(
about time physical and political -civironnient of' both our actions. F-low dto We1

deal. with anYv of' these uincertainties in design rig a SVStCimis lttmm d'? IMV haeSaid

a little abIout the treatoel mt of- enemiy intentions -and capailmhiiit]s.A low b'out it-

th-e first of these inicmcerfintics, the. uncertainty xe; to oum objectives,? 'Fl us shoold
be somewhat easier to bu-,ndie than 1tlu other dragnons.

I'here are svrlWiY'' vi wlhy' thile Pioilcmi of tmaiim~ig anl ubjctti'.'

for ouir analysis, that is bobi woi k ubl and of somme policy interest. SortiC

appealing mecthods mecrely axvs i h mo Ln reaple, we miighit make

thme ufijective narrow enough tm'\flWiSUtiiu \-tfus Making it. workable hut also

tofi narrow for validity or interest. Soakye of the issues raksed mi the cinirse

of. he -36histor-y illustrate tnis. We are clue i1- InJ iigtonro f we, selct

of th f 3Ing to !1
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one efvi c dtrceitI and s~niplV 1iNiMICxi iL 0 1' lut MitllbjC~t

fcwcostraints; for cxanuplo, if we atteniplt 'a'''"I- ' +I

longest radii is poszile v withinA thý state, of the aft at powei p1iii n rrpae rta aigteIpetrdu.iiteI99)sh IilL h nd h
(Iexigfl. neglectinig any conlsideralitions at1 Payload, s'xeecd, etcl auditl have

travelleuC ,01me 7500O n. niil, and ,ejI'CLtfiid. Sacli t i 'A'01 h'lo vrdll kdc,:a

mlitai~fly~ uIseful Job, h1owever. Wo might therefoire S(-itS l i'Ct iill tulilimlliii

performance inl Speed, altitude, amid pala ctc. and CI 1 ae c l_ iOrWl

iniixuniiin radius planle suhject to these conditioiis, Alternaivewly "cwe -Ih1
1MiiaxmZe Speed. sulbjecC it) cerain llmuiluiriui eloelIi 'C21 ~lidil -

an1d the Other perfor1Mance parameliters. B~oth theCSe COburSs are mmitmple him leilvxc
uts no metho Of ocKIOOSing, between1 theail nor101' dIthey' smuggest piecis'Cly wLa1
nininmumn constraints to place or` t1mw peifoimmuitanee pa;li antetes we\ arc miol1
lil5idnAli l Par Ffi-: ri:i'si the selectionl ol veneral owciatinV' mcTCmn lcunen tx
for SAC bomnhers, ca1nnot tic solved so siimiply. Such1 i pra,:ked ii otrmuc,ix:ac

the piohilem.
A seconld traY of evading e problem, nigli t2 !e take tO' .pp, t i,

formualate the objective with perfect breadth bu1 faltal hollownes. WVC do h11111I

for example, Mieni we uncrely forwiuilawt cm itria that, appeair to itext tal I
x':irioty of contimiacocies but(,. In fact, do nlot fleciuit5(1 oh lu'. prrsence: Of a
varliJble whilch canno1(t be determined in I lie lv oi~i. cc4pecitiit cM ~ ~
dt'eiSiimn. It iS ;S eas NJ Il)~ve 011.t euttemla for ciloosiit1 the bes S- tii (N5111 Coilidt,2eiliu

(it Wvhichl Is supo m-d it ll t lv ;Ix K .jib ir prli iililiy as iitd with itI i

colutitin 'ueneius ill 4ili' CaOse Mil-iit hL- wi Lh Iita of \ai lexý 'c, . ;ICI Id 1th 1

followiing, mild th1 xIi: f61ll rlitg IJIWI 0i0 so ooii Ili iitl :1 ( ;l¾'I CA S 10V Illihlk
lie dele(ctioli iii 1. iilaOi'lld. d, Lia t II I dc .1 . I utdioll
All (1mW (t the origmial; 4x states, and :1 I rif- otim ilarclaivadwpft-. fWlt it
our choice dep-endsý on our Icing: able ti,* i1sig I (I a C ilifllli . tOw rproba

ilx Vceis fli. JilC(, itl(I~ody~ know'; hiiiix tIl djo flu-, (The casec. 1l "Im ax'iL mcAkxi

oin a i l itteme it usoect ii "i.. -;. ( ii hin 11 aim-iictr t e llsuini x \hdcli I

1i- ie le i il 011 ouii xc.11411 . a h,ro iui ilta , litics i - Ill it'Ch 1101 l':Ih (litl'1;l

i1"t 1-il \%,y; IV" Io fl ilLk ;1"11.1d i t jl ill t hjci.e. I i ' t li

I,, inlelclilie2s 115,Cd [i this \Vas ill RANOIaaye atM ai r dL.1 (I ii C1 Ilt&iii

criteri enabl us to ip."i pt klarge siihsetxl of idam~ltraive 'Aaponl. nild to'I

k~u grt.-ssly ineiiceiti WIC1s Fle caruarsolls mwAs bein wd cull c Hfall, :il'

Onlyý6'11 Fn eicsestalysinlilar in the- waly theý!Y Uitý'T Ill ailde
ouptirlilzallo......, Fo,2,,pl, f __________ci i~r

(Yptm~iim~tfiui. Fr ~ __



Comnparisons ainlolq' 11''ls fS:I, 13 to 2S nii, anld
it iiav iwik'' tijuct comip iriwon arin weaiponls oi 1001 To 3001 n6l radii.

Bill it most not Ilse tile Ilpoetl conicepti lo comnirt'11 thc -10-11r1ii -Iis
We'ipslll NIth the. ."00-111i radiiN weapon)0I. Sifinl~irlvl. thW RkND I stdy of1 Nir
h1:is, choice' ilsil ;t.. (11' Of" seVleralj Inlet iethiate criteria "maximumli iiii'
of' ten10111 1:ii'-Cts kifled ill thle lJCe of enemy1ý dlefense (hu-t negflecting ceneiny

attackl" a ati ~is another, Inmlxinittnu numberi oft hoinhers surv\ivinlg eiie-nv..

Attack oiil the,- gll.uIItL'. In sojeCites, S\StiOnls eOnIl he coMparedtisenll
hecre, even thiough tlmev welre expected to eniter hrcI*Qader optimlizations, willl'

conrat~0 ' ' iet''t beaI-CI',C thle dii)cene etVveen the) ;-,stenIl, \\a likek l ti
lie euuplmsiv/ bN 1A king a bioz-ider cjit lioni and incluidinig certainl additional

1, ahes 0o, sm)ile0( oli tecomaison-iS0l, ill 0thei WORtlS, thet in~termeldiateC
elItilir ptidi'et -anl :i foirioi irriutet tha1;t is, ;I syNstem hest ill onle set of

retimstric'loatled against it c01uld, wIithtetrcranylepe tue
lil in11 soilie" SCIe set ofmole lavomathie cirenn111"ances. Such intiermediate

criteria al :1 hortI of t omuipltti triiwihnes or example., let nis take (lie
cii tejioll Ilf liias 1Iiia i n I Id-u of t rte sill vivii" nit ciieiiv altkack oIll tile
grloilI. 'Ihi', eritcljtn Ut'le~jct, tho offcIIsis e intionta of Ss'(Ik s hWte

iiieruut'hu~le lilio i Ii i i ''l~ut1  ultfiist' HiertClIVr. it IsI not haitil toi

coltIti tiut aI svslirIi oil fl i h ' iiolion 1l1"L Wk iiI,11 Llkit vcrs' I o I'ii I lil.0 -nl

fail '11i pt'ctinimiitlit e th Ilti l';Ia~eitJ fiinctiiiiv We migeht clnx'isair a"
""wi01 l~l kep:t 1'I flte 1111 tllt ! ii51wliltholhcJ- iiivtscithelc and hiurieth each iiiitt'

ii) ~ ~ p ]( !1L101' ii i it l Alit it11.1 I t (,:I ht-vi ill Ih( Iv rad of Sovje i'A honh ii

1111 ha )l tt llt I Ii i I'1'ii. 'lV01 fromiu hvI '.11-I e;,,. hye i these reuni-te op(qr;u-

tions. '[hell- are ;lllgous1 dincii, %illit 4olli vm(1 11 w exiie f'irms iof di pcrsal

Hthe -(let 1ln 11:1 i uitiii s vi dueilhuilng :ll ofll-l"iv~~ ce and lim e-

lt ii- II t i of (det-' eI T iii s C I, (it1111,JI I lttlk tI jllt J I li i,l 1.1ti(Ll -I

11i' i I a olk11 t:ib (t vJi'-lie t iu inil ci c11 iX IIII cii Let t' ' ' t It 'si l o t at'st usii

1 I d`,lt :'(tit tliii liiitlf ij i t ýc g lii x ii Wi~ ld-o ilr N iOl

,\ All-iili II'. il iii ifLl tiliul To Ili.'llett Inu iipe Ifclk eviolia ct ý d

I iii iiljt'cl iv-'. tiui a Ii im 1iii iue iý 'L ti l ace kiim k iiiirt iit lX 10 t)Ii cpuI-tit- .i

l1,d (;[I AYi \Il ji-~ l u ( Ii" . 11( Lp d II: c
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5 tit.Sill)i[alHy, 1 1.i CF li I Jlt\V Of criteria.ý Cixll IISefu llat the lI'Vt (It- tie

ttililltti~-it for:l- utte011 rýidilar With ;I Ui Cej perloru iiaue

maii iinin kill prohahlltv pecr paIss !or m~\C1ictt tilietoi ilitvstiflliit,

3. maximum ari11 kill potenitial.

MAXMU in01xi1112 0~l~e 0111 our IIL'' Lomer I\1si`NiIne 11n enemY att iack,

) iVO~i~ili LtlI~~ii Lirues lIILeI COn~i~jlerii Clenemy ajttatCk Anld defense.

1l1C problemis that iitlltivilte tile Air Force ilesi Ior l~mcneoperation. We

ititsl litirldcii oir' cr iteria still1 fLurther'. We shritlid C6ii'ider- tI perfJiCtrIM tanee'
of Vai ous systemIs inlý V'Iicstey (11 'Continuenejes. We must *itilcr ot oiiiy

11w' expected Case,.11111 also the evenittiatit s ;qgiiuint \Nhlicll Ilit Alir 1''e illwt

ci isiiie itseli, even thoustgh like Ifice vents ttii' which the 11-)( LIChed ced
:\hev, llas' not uCcur. I Wili Liýve manre to s~iyvilholiit cointingene\ v lilann it i

ttlic"ldc the tiitrer'ta IttIIes ;ill to ourt otujct~i\,s told ciillcria ftr es';iluatioiu.

tile des'icoI (11 0o1r studieS MUst talke initO iee OWtt a1 titunhirL~ Olf ojItiCi kniCLe

!!n wt~ tlii 'jiel aste wattti, aoe tot. hikcl% to 1-e eulsiut I
(liieitier muiuk"ill-salc ne larfge-;cale w~ithim is, likelyN ilil t'e iwear I i1itir' to he
tuiiitiotll-- ill a wy ttti woiildl ,hiseiimimiat hetwee~ii ;tIII(5 Ctid eiie-t1

u tt I C e llx ),-IP'eih itesul s." \\tit t1ot \s 11Ill iiidtrstoi l ti 1 ;1 eU.ii; ;W. Ho I L es 1il

(it ' 'teitis :i1ul I ,;t5 i ic ei t thatl tiiutillv '1 i' 'Ii iiein '. n;Iiit¶1 t ht' i~ tt

inintiuh r of iinportaitlt tlitlititn i t, use. 'Itiw policys ittttik ;Iitiuiil ,Ithlit iuiItlysis1
wsto inidertake ,lesiitni andk te.j:t:; to learn i'1 I:ihoit tlito Ic 11 11ittilitt antIl

cIl ist Oiii 11. eio r in'' extill li) ,jvel res't)Ires11 . il th is e is. tte antx'i' r(dtit

AlIht to -h -,otnw Iiiccerl lt~ii:t cm eit heý resolved, oilil-i' e -111t . ;III ( [11 Lite

I.It. ,Y~ni I nt- Fit ;I t f, s I 5I wi SsiS

it 'i' slilt. h 'littu f i iiltitilc o ttitim iiYI t 111 n1kL ;ll l ttt" t tti

:t;I k',t 11 utL I i oPII a1 d. 1 I". l ie I ý11ua " te t ' lotae ofe the. i pn ohiieal 1 a t )l t silet

eiivinuiet, t( \,i!W eLY d 11'AitihilitA u ourmi objCctives. ;Ind tile i1tilitiplieit'v



an-d uncertainty of the obstales tWe enemiy can interpose suggest that wec iniiist
*desiiun svstcms that are Lyood or viabl in a variety of cireunistanee,. TIhat i

tosy tepolemn is one of devi~sing tlexihle, strung syiteli'n -, nitmr

one ,of tiking systms that have so far been suggested and.,coijparing theirl
hifvefluiveness in SYStMi, dcghs a doubl functionl. The 1priri%.ry Fnto
is that of helping, solve the dccisionmaker's proj~leii 6f being, ready fo h n
contingencies. The second function, ,deam to the heart of thx Wylis tt

of' simnlifying the analysis.I

L et mne offer one example of how this happens, inl the daily husinecs oOI
- In. the course -,A a hro" 1. ý-ul 1soniý !,,.d'llt or~t I~~ to" la .,

abou t Olhe vulnerability 6f their ajoiscomnpoile rts to enemny bornbii atak.
6(-round facilities, ciu riding the ruLnways, are one such comoonent. it Ipp~n

that runways can he mnade one of the least vulinerable elements. (; ting I
model for the vul nerabihitxy. of it rLMa sCnieal plic.at~ f \V
have to worry not only about such questions- as the maxiimini eoniUS
lenigth of runway surviving. but also abhout whether thiere is a continuoscn a

4path along en~ough taxiwavs 10 provide access to tbis su"rvlvlg lmiot orIm
*WaiV. inl at so-calle'd M one Odal ranidom bomb drop to he progrmm~ o

the machine, theit wiribei- of such possible palths of accessý we miigitht v t

ask the rn'aehine-----------vkzr large an-d, -migbi miak,' it ic eonIILI~kl
iprohibitivcly expeas~ive, if we wej tie tyiig thousands (it repetitionsofhnl

dions aIN on'' smnall eunipoueni ofi a mit0ch larger inivcitimationl.
One way jo go abut Wki ik to nnltiiiy tin numbner of acene,; taxiasm

nq ma nke it very uWnliey 11mi fli're will bti ait m e~ngtl of' Inw tiya) lon ciol
to h1C usable wilboiji access MuIltipilying access, laxikka',; I,; (11ilie 'K'p~sie

not Oinl' Iw eoiilprison with total sy-iteusl, Costs hit also hy ccrnlpirisl wil
Ricsi iioptal;:i4ni c~~si. H: we do lhiii, weý nlight ha;ve' -A stronger Itaxiwayrns a
,yNItem. Wt' can hvCe a higigher7 COuifence in 0ts GWYM'a. At the sam iic
the snTall eX-scurSiOn neCeCssary to approxi inate the cqu~ired niumberofacs
ti!XiVwavS mlakes it iie'sa'' copiaetean ',i considrig il,
problem of access. (An even miore powerful fshort excu~r.sion m~ight 11 ieLW
of rocket assists for short- and even zero leingth takeoff lIi K iniglidnmn
of the runwvay analys'is riinicompletely)

Atl'si~, is easier for- strong Systeinis. It is also easy for. ver' bad oe.Ili
r;il : ly bad ouc, (to (lii nt hold os, ''e! ,' l''ig hcctr~ir us''or e a n pie, wencdIu
wsoo rv -about tlie interdspende-rce of adc.to''cd plane mid a dcs- qw r ~
s\'sturn ..ii' ihe facility "has iliany c~jitcal viiincrable element,,, the cpblt
iind est reacd h y him-oing will lie very, very low, and shown so by i ii~
measure (if the llernceritage killed of one critical. badly damiaged elenrl A
subttlte aria lvsi coul mId INNmeauei inre. closelv the extent to whichi eventh -il
siirviv ing elemecnts are r'endered useless by the destructidri of complentr
items. Why bother'? We have, flneady seen that the systemi is veryhal
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silivý. it- "v o d-csiLn1 a ysJete. ofL elemrents that the chances. are very
smIiall that any critica -'-af eleie :will h'c d&--troy'_ fui eaolIie lnnes of
bomibing attack, the interdependence - queCstions are quite itelaxed. IIn some

cases. a quite inexpensive iinolintr ... f overdesign furnishes an a fortiori]

iindeds of such problems occur in the course of aI systems analysis. It is

in the light of inefficiencies revealed in the course of analysis. The aspectI

thait I an ýussi ig iiir Is thLIat stron UIs ysLcn is'Airin:L~ ai , urti'' auu-et

Arc. there any principles for designing strung- systems? the1re arc no
proscwriptions for ingenuity, and the design of military systems- must procceed
on the basis of the emipirical characteristics of the military problems. Some
of these are pervasive enoough to suggest cecrtain guidelines. I wvill mention two.
One IN to exploit the great differnmce between theC- %Vr and peacetimne require-
ments Imposed n)- the system. We might call this "The Thcrmioruclear-War-

-Is-Not-Peace IPrin cipic-. Anothcr is to exploit, in devising strategic sysicmns
the very dilierent requiremennts for the approach. and peiieliaiioim segmumclits of
the mission. Trhis is thc "It's-Hotter-iri-thec-(Consbait-Zonc Principle". L et mne
offer- an example of a systemn that ingeniously exploits this second difference.

W ibh a fjypd ~:tnite of the airts and an airplane ol given size, higher speed

can he obtained only Mi the cost of shorter ranlge. Su~personic_ speed is very
iscfui in leducing attrition while With in the rageo enemiy fightersý, hilit not.
`( nimportan. 'ar the long iug of the muission betweecn our bomber)C baSes and
tie edge iof the unemy defended aura. Thc 1i-71 S8mO~iT an-i nige ions

- eomp ri umise bet wC e oUr desire foi gic e r .ver'-all range and h igh sp eel by -

ineltiding at -supersonic da'sh'' capability, through the additioii (!I afei-HAHrICUeS
on the en-inecs, for Ilse only Ww hn pen etr1i ting eneixil defenses. III this wax'v It
is possible to attain vii tuallY all t1'.he bt~eits Of supersonic speed and subsionic

'I heci are a numbder of exaiinplct. ot wrainS 111ysemstht e!Xloltit the

shelters fin missiles or aircraft aL'ainist atol ne altutck. O ver an i ndeljiiitcly

etended&L perind of peace, shlesWill be subj-lect to the samie forcesl as m iimal

civi~lin stIrnetnueCS ill the sameI l)callity. Ini a short aitomic campaign, fluvwevC1
ttiey wilrcievi r:hjneSeVere loads but only once or!wie
Inutelligent decsigiu gi aetie taikesý advantage of this difference. Wart inc dusign

ljoads, ateflowqtd to eceed~l the -lastic limits of, mlaterial, )Ii the ,trincturu -

and auod ista~tions which could lie unacceptable in civil ian use., or., in

mnilita~ry Ius'e if they were to occur, very frequently. They iio no i num. however,-
- to the wairtimne function of th~csd.~ shelters. Other exninies!, coiuld lie cited of--

*-systerls that- exploit the great ,ditference btw~evil peacet ru-e dud atomi-ic warl-

time rcquin!'nicnts. IFariier 'I ,'Lqqzcstcd, -in connectio-n with nu1.cleai-powered



1iciif 11tAt the shielding p ltbleii oft both the 1ir aurA gioriud cicn ,s moiglt
lit ýittacotd ill :1 'wav that Could QXplo0it thiS dihIeren~CC T he Vriti1nd ref 110111W

methiod of opevailnp homiibrs is another example of a sxttiwhich cxpioi1t.
this diilyecu-lce nuINh umore Coinplectly thani do a i-lei cil .i Ig svstcnis, Air-
iefiueiiig, systemls Imii , !'ni (petroleum, oil. lubricants). the cheaipest mnid
bulkiest elemnent inv Ih lie \mpn svstom, over Icong di stances by air lit ti inc
of war. The ground-refuecling xs stcH ins a cL it filie 10ong1 di StanMcesvre b'
slow frcigihter in ti iýW of peace and. for the most part only in I iiin of. war, I o r
on ulaniciivers. nick it lip in airtraft f~wn of thill' rstm
makc a g1ood dloal of thl.zl Illjeme x, ivcictitg tit lIighi logstIc IRI
601oal cOSts 01 Operating separately -ill tnnlc of' peace. limuiting, the ill-of
di~spersal essentially to thet Wartime eniergellcy. Somie ssstrnms lisioig at"Nisted
taikeoffs, as ani ooog v duvico ls exploit this dififerencc.

How aV;lout the 1possibilitVi Of deCvIising systemlls [hint ac1-! good becauso thecý;
cIm eef a vaýriety Of contingenicies"? Thle B3-3 6 example illustrates the Air

-* I ̀ orcc~s dusi re to ha'ýve a hedge' a ntPOliticall and1.L military- bad lick. ill-
iiot'trta1intj's -, l'- !'o tiitlitiid suggesýt that this, i-- at goodc idea.

NI r. Hitch presented an example of tif]( prob(le il elin ith nCCr-
Mmviyliac01' jlaktes' to thle SpLcific micrcill iity aigainst, which the 11-Yi w-ias
h-dlcto. I wouild lik to- Ihi cX~iiiptut-, tol i expoltad oil su'-iite (t't theu eit

S~kIcl-atoioir hik 1n--adc, lable 7.1 Shows two systems, mliii eI or' lesS reClated- 1t th
h ombers aivailablc inl the 1 m)50tt.L: onec isý dopenitent on ttversa:1bases. Ic

and (h ihm 1c.twudIlkto m( expa 'mit both thme list (,I aItenuiiatis

svstenils :11t t11c, "i~t of altei miatise COtntmilgemere~iS. Fign)IL i 7.3 C d oestis an11

also snlows inl ;l itw otl tHe case'. howv the1 ;yoiii miiiglt tare- iltill- tw ilions

collituigeueies.

If overseas I xspecedot om tot ott

if ovcl se hIases baws inat if proklritii y

on ovurseias balks tItMi 20 92 20

bombhers from 71 0t 50 ~ t

Alsidte I toni the state: o~f tlywethr tie-six con tircgvncics slhown- inF 1-ic. -7.3
melotc to ditaiicc,; ironi emitwii tcrritoi: i'o, tof ;dlll ai:_WS Within I_150 ti mii



]I 1Ot I IC SYiU-I

H I~ I. ..... I I K

(7 F-7

FiI 7ISncbmigsse, n acls iiaiw..jRu~' budlis osýo' l a f- i l ti N timidso ncca

labic. aiw. all Sonut over inas systmo aZile extree losssi s Wea hav "I:

vlierylare ntumbsVer ofghte ill a oursploe of'e incl dillle'o' tvpms ml unoCms,

tiy ll beavios ofhe crtan plitsie o vally uciii't ml ' :mrels.liptit hi inItiatOl will,

*aflice. Yos ncveticesit observe ri~t hat he ountingencidees j citeml svhilg only a smal I
1.u:b1 Nctof those P'-SlC ;111 ratherls,, ncifn"m xemsv lian idao n niud Mýinl kh
vo* bu I I ais llit ouril ovrsa hases or cunte Maine extreme cases.hl liechave Sf

very largeV111 numberoflenseis poýinl a cupe o doicu 11Vemc ill IMuI. \hitL: ;.I[.
the behavior of ~~~!,..the contintlu Liis nhotwbiin [lea oFig. lltivimeprii1

that's' oul d los al nh tsadieojo.sya(aaa iilMan.i

Youi \61 observe that, tihe list oit a'trilatives lor (ipera-tiomi1 Ioidme! tlose

vatryling CIrCiimmstanC`,i ; is 0l"CFonr thocg" 1110 C0,1n ehastive. It

* ii~locidle smime sy'stemms xvhicll u~mm 'Iiy operatel~ ill va'aeth e;lr. Othsfor'
examlple., i's lite~rall\y i rue of 'the pu re figiic *houiiimrlmt'lrumm y
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VIhIich I 1 );s no ,DCciJ taj e L~iIppjOleniet, n1, Io.,Ssihility 'of COttYVCI ti11 its
bomhl-dirs infh I;InKkeis, and ha~s reSOlVed Under not c ircumstance to adopt ;wchi

(IS)LM desperate 1'C nWauis; OtnC~wii operation. Its Nc~ore 1.s- terribhle in bad %yealther:
( excl lenI in goiod woatherT provided we have baises within 2)50) n iniof enemily

*i ntorv' cx cixnl p00or it VOe PCt DII-shi :d hIMrk '.itother 150 n m i: and inl
any kin Io! ofweather, leirilile inl ease we at O.IU.l mn hd il~k liry fifother.

Thl. li- :jo as inch ides Sonic 'steL-vos perpieni i'ifly enca sedi in ahermetically
Ma(1lei d v crss S; it to Which are attached. also pr nut-1111t ly , giloshes- a~nd ;in
iioihbreiIli. Ibih:system Is usehi i I tieri S ornithing of a bother in' nice

\\Veatlle I. ItI is CW11iiijllled hV Hih: UlitJiruleId, i d cx'a 1isivclv ai-1efce
intrent linhi ' stemIs , wh-ich fi ' iisemd !vd.'elti*re inu1'c,-t we; no mnatterI

ha! ;;se hiC '12L have, :i~vaIc becau'e t"'-se ,sytcm~s were pvputcped onl the
iss,"liniptionl that we hiwi\save 'to- operakiat 'Lli nuiaximun range. Andi, it

pis pelhrp, bcst of illl escitiplified yth- esiuieýAoc... .....

I tIIC\ cxi inpies" essenltially replrrsen t the twAo extremecs Mr. H itch had 'in1

onilid: hli!, 111i~itad HNinIlximurn -XpeC~ted Vain'w svstciis. Ini contrast
\N ilhi od1 he I tal iikex they ill[SM iisvat ICMPY h(11tir~yo hiuth extremecs. As
NIl M. ilch staled. hinb tilie loinitnax ,xsteru (in hli, sense) and thle iiiaximl-tinmi
(\pL'Ctcd v~ilI tie sxstct0 HIr hald. The IMatter is total 'V nn11rCepar.1 !d'fo tile worst

; maynw po"Ol 1 -- .,,.' J. .. . . . ._ I'll __

pnepal ed (11iy. fey ltlwor' cisc and canot eliploit the aidvanutags inherent
Il in ofm dh nic 111hlo non liki'hv, niorl' t:ivor-aId eilcittlmsliltikcs. Moreovel, as

ba~t Woii hIllfliflhtiA' OMl Csi. to (h0 theC jehll OWi 11112 ovlit i tli xell\ 1112

* I Ilkl,' ,iS2IP CLI 111,i ' ,' 1 :1 ( W ol i l Hot jiu t!II'C ,.i thit WO s W O rl I112 I~itlitii

ihsolullxlyI "tle of Oiiialiit? '[here Is it teal pi iick!o Inl .defiiing dIe: Iiiaximuni,
disasteIr xve wtiiit to minniuizu. hint \sve ShlO~l(I TCO`;4 Mei1  

n~ t'i1cS~f iln
tha~t miur oi tilie contiigeniice~s Nve ire talikngt dhxt inthis olimction t th~

voil sevral it dx crv ni'5d 1111125 '''0! r

oill t iliL K h1d to the ('i~iil collif, I

iIiI'ii\ a1ttack duii<'I leilvtinq, air h~is(- s Is ilMbIct toi onciCii1 dec;'Jll. 11

ou imii Il,50. a de "i'\tici ''1%12:A , ic ;t~2' 'iI hu'. tutuli Ikel]y It', iake 1)Ihie

lm ill ike to ic siteccustt1. Ihi- ,ort of di ,ýwlc i [int nil bail luck. WC' can

t CiiCstir (tieiiiv cpa1l~tics and ourl Sliiscrp)tthrlitv to lt~liCk. and iiitrtofitr the
sili'iatail .~ 0 ncizrat vtof our %vutnis analy-,is. Such dis-, trS

iiiiilit ho ~le ~strue W-,ho hilvp sxl \5'vktS to diha with this problemi.
Ann hici ,(oit Of disaster~l isý Hth kind of thing. thurt we arc'o ordinarily think lug,

( )tcive' that this kindl ifJ il-iniimaxin' 71tcsfut ittetderir
E~ric W WITi( i~lI~lli ~il tctnqos or liaioimiing thle maxinium dainaige'

likel y to he alidiiinislter d bhr an inftrliiiT'c't ('oe,?.iy



'I when '~~~~.N.e -t itiICV ol '11t'ineey li~niug. it is jypilidf eteiy~a.
w -atIi %%hiel I denlies us (lhe j~shl yof ope.rating fiomO Various I )Ies:. I his

is s iillicc! lou sioni tunei to civlic niiithei to our control nor the eniemy's aridl
is 't c (eie ut hd hick; ain extra-systerillic factor. it moltst he prepared] for, but
N\,e limuis recall1 1hat ie[ U wt. are countering natore, so to .,peak, and not the
eACInem. When you are f'aced w~ith an intelligent opporicrt it is senisible to
suppllose thalt hc.mnay choose the best of a numrber of alter~natives likely to +c
kuiioN~ and available to him for exploiting soft Spiots. N atore, however, inl
:pTe!O of sousmeidi wc t the contrary prescentd. -in 1hurber~s shor -tclncs
is not ma'lignanit.

Fronti the stanidpoinrt of contingency planning, iýolitical disastecrs lie sonstc-.
whic lu betweeni hrne natkire. ind a bombiing att~ack, and rather clo)Ser to bru~te

-aue. The sqecso dilmaic movcs are not as subject to system'h

prediction as thle re~sult,,of a bomb:,exploding- onl a conicrete runway. Bunt, like
the w.enthei. thov must lSý taken into account.;iTo take thecm grqlssly into

a)CCOUnt in catnznvplanning we need not'-seýIisi n e-act nuLilhler-sto T m"e
diefctin b on ofour- aillies. We do have to be 'able to Place

ionwc rough liniiks on the likelihoods involved and to maike i.4-nic judgments,

such as (1) it is more likely than. not that in the, next ten years 'or so we will
lose atlatafwo OI u'e d liases; (2), it is, not nearly So lIk(_Iy thait
WCv \.ill lose all of' them; (3) New FEngl'and is politica:lly reliable as a baiýse area.3

It is iniporia i it. however, to hie lircpared for somec of the. less likely con-
tinllpyicics and not jusL die moust probabhle one~. *1h;,; is tile -subject of insurance.

A1,arge vairiety of systemis indicated" inl the l ist ol aliternatives in Filg. 7.3
provide various dogrtes oif HInSurince in. conini[iigencies. It s~eems unikely that

puirc forcc will be, optimial in thle complex and uncerainl c Iirc tan;IlCes f.or
which. the U nited States must prepare. In making devehlopment Choices we
are. wi,ý to hedgle and deve'lop more than we will p1rocuire. Mr. Hitch made
this poi .ht and! so) haive others. This, means that we arc pot1ting ofl the procure-

ment- choice unild later. Suchi a tactic of delaiying decisuoil' occurs; not only .
in development hedging hut also i11 Cl OOSing ally flexible- Systemi at ailiy stafte
if* the decvelopuiicent-pu ocoemeL npIil-leratioii cycte. ligure 7.3 shows several

iys'tenv w shich 'ii' Ien o1p'erried inl a in ul1tiplicitY (if way!s in atppropriate conl-
tio~gen-cies. When %we prorure soech a sy~sieun weL easei_ open file Choice (if which *
vviy wev will opel. tc unt il 1hE. contin ce:ncy airises.

The al~ternlative s;ystemls shii~'i h It lig. 7-1 exploit a third pi Inci'lIc fewe might

Call "I l iitiple4 Ise Principle''. ilicsurving flexibility thcri iicaii. Ldelaying-
decisions". You ma-.y get tile ilniitrcsion utha~ wc Conceive thec ta~k. of "sytem-s

analys;is nimt so imuch as; that oif assistingF (1cc ision aws ol tcaiuclii g thle rin Iitaiy
mian to resist it. Is, H-amdet then oit m mmodel of a moder)n ma'.or gticeral? amu~let
did, in) the end, decide.,; and so liuost we. t hec point made ahout preserving

flexbilty sh-st phirased not in Ierms of postp~oninlg decision, but in termis
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of niot rush ;Iintg it. I )cision ~iiitplies cII0sii))L 11 COtteC 01rs ot.11 M1ction rahu fh

other~s. It mlcanýý crittii og ont soi neC al lernatives.
H-ows is the'L necessitv oul decision consistent 'A ith the vwcti.1 to} ilsc\ lop Ii: sihie

SNsicstem viabhle tinder ti wide Variety (if alternative ~C~i rcumSt~lnees''Th _11w*iswer

is that a flexible system is not defined jas onle 111ai in1CorporateS all weapons11"
alter~natives by shmfple additiot t. 't his is the simnplest sori of mixturor. Bocn oe
we are constrainetl by a buldget, even if we Choose one weaponls ;ystcmt type
forl each alitrtiative conittjngettcv weC are saeriifieqiii soul e (Ituantitr' (- xoaj~o1tQ
of other types utcrelv by il t~I I! al' ;,u 3 f'I'J3x.e1~~II 3 - A

1 ,- - 1 __ __ .* . . I- int tho n,,mtýIi

tha~t will performn well in alternative contexts is good IC~,recklv i isofau asý it

nabls usto oe cotinelncy without sarlen~capiability excessivel
inl others. it Is good, for example, if it enables usý to presertve calpabilitY iin

cont in Cencies a nul vet to C Iiuiinate somic special ysil ems as redmdan t-Ii). ill thlis

lisýt thle sv'sterill that ;u1volve ni'oltiple u"ses f(ot the' ,ývme itmiu arc of this

figure '7.3 list,. a varieuty of' forces of staehebmblers. Some purl. S:oiue'

invol vhug aI mixt lire, of 1'o l'kci i is each of wh Ph is largely converthible
and somne inivolvilluc varuonl" c'uvertible sx stemsý. Ini iakinu our choice uot

these forces it isý esse ntiaul to conside tei pcr-foriimace ill all the. intercstinig

corittigikio:.t, zM H,,t JWSun (iC olk. tiusijietts vlc miust ;,3a~k oo a~ll'; thc'
expec'tedl case hut Also at the instui,.nce comiing.uncv. It also, ote:is that H
us- Dot cliunghi to look at the insip ,ulcc contingenlcy, a1lone- -evenl whenl ei C r
tkilkiiue of' a weat-tojn sS CN-4 ll klilicI is hsrinl):1 rii Ifo :I, :k,1*d ~a I a' il 5giH

there nay hie alte uutilli hIidges. t sawv giood. [o vh-Ic .si ll'lt',tijic of

these( hed(ges also n~ay he uiseful iii other fairly likely crtnitoe.' e

;miItterpllily their. Ili'.t'A'eII ourl ina;uance and our other objective';. If w

I aIVe two S 'sstems' ope :tting fronti the Uonitniltiited Statcs that arc

equIally good. bu~t On) the premlise thalt ait least C.anadah is Atill with uts, (lie
isa lfatdeail hetter. then clearly this I.ceonid syst, eo isý preferable, une we"
aire deadj~ ce~rtain thiii we will lose, e'vrv one- o4 iwi aliie ni tic se
ch.'arur if the two ;vystenm- comipared have the pcrfoi tuneco:o ill( the , hi.%t to

I et mi. refer- to atoitici pail (of' eoitiiigeiueis iiietioiicd earlier;, the case ini
w 1t&'ih we get the first striko in a war aigainst. the Soviet,, antI one hil which1 this

unsa,,tisfactory ordher more hIkCVl, there ar onic: who are oocpmore(111lislic. Iin

aiuv eawe it is clea:r thai t. see re far from oire WI, sýiw imvlii't f~itu skvsJmi\%sshich

look just line wvhenm weAl ýct Ithe fir."t strike (-,;IV ;In eneI)'lv itiliek 4mool 31 llhteS)

can look very b;iat nideevi wlte we dot not. Dtesig-lnin a :',,tcll !ha!!z-! ''

Wul ill both (if these cun11ti iuuzencies, then. i,;of 1grea-t imp('3itatice. Stich ; t s':

imight, fill cxaiipIe, hitilit sým~igicieamitly the daliiuige 'to ottl ucivil societY i we

iu'1poiid llithi an undamnaged-strategic* force to eneiiiy aggresLioil agains (lii

Ii



,il es. And inl any eveti t it coulld make cleai to thai! enemy that eveni it 'he

SI oUld strike directly at our strategic iorce, hiis own) ln~i~uir aid civil uit
could e devatate Suh sstm wouild N- ai reliable detrrc~it it) attack

CO~~~l'1 -C1 LCI a s ,

onl thle U liiilcd Statles. It Could Ol~l r someJI :1jlstirane in ease deterrence failed.

()it the oflhe1r hand, as sugg-ested earlier, this insurtance, capab;Iility s;hould n!ot

make ;it more likely that deQterrence, wotiLIldail.
it is correct that theC Sy'stem juSt d(eScribedC would dIon -initt :tile Other

ss stem'ný listed inl Fig. 7.3 addestcrihad cu.rlier. We atre not likely ta stuImble
'non-'''r ,,, tnivIhe vve k .1)t desti';

'I hie work of dies igyning sijk-h coniprehensive systems ii Isics iinelituus

CulIstrulCl ion of detailed systems C01mponent111S. Of the( hIrOce 1Sit aWhoic. nd

0I, th opiiiahllr "sytemscy SLmteh weVllil ne , iiki thetiahit 0CI tifinklug10d011

ofith optliN Žtrtcll'.v. Such NN,(.cntio isl I tfilee n 11l of ne 'ti edlkn (mnlyt

[The falmiliar naiatheatical theory (it ultility post il ;dtes a ('01 pl etCo yide itt g

(ýl preferen ecs. I doubt veryN i utich whe~therl 1this1 1nosttlkatv hi rli'(,1stic mi t.vef I
1i1teanlingliiii as appliedi to* iidi ýaltili less Zts applvied to nain.it v;
dIOINtt ItI in IMItirticlalr thlat we hatve the Ian, remain vr ~i
choseln atl an~donij amon01g SuIch c plKpolicie-s alý confront Us ill 0Wakiiu'

nat iomil dees ei i t-i.t somte eases we simiply don't know wwit her we_

prefecr one to the o)iller or whethecr we ate indilfeCren't. 0tt thle oilier21 11an1d,
theret arec xitrti~il ordering's that are psileandh ill the eniti-se (t' a i teil
stitit'. \W ;.e .xiu tinad snclt mu titljj tirtlerinlt.s j,; we iiicreatw (til knttwledgc

;ihotil [helk, ei thatt hazvLe ~l-ie propose,,d, as; %v deVc'tlip 11010! ti"ttnive.

cruetiaii, and~k .Altve oil. ;as we LIlsigmi pol1icieS; thalt dominat1,e1 ons Ureit11Y

eunti-mpttitd. I1t rcfereiteeccii arc peripettually aill iiccessý;irily iiieo' tjtletv,
* alway's ill tile process' (If' cotistIi Ctiou, as' WeC hutl OUit more1101V whitl 'tlt'r-

natives ateC open and inuore about wA.hat we wvant.

( oven [lie tremei:n dous" rainge o' uncertainties antd thle oý.hcr djificultivý

dL-serhthe I arlier in this chapte~l. if inn bvIe asked: I~s it potssibll, except i6S itii

stritriti r. t~rnkv 0! ILIAk, to invent alt',%,Acmen int the stall or :in the large

hltit:] dIiilttiitt Its mlanyv milltioni ltiui~wtiv(-st It this 1,"ll Q1ttestirti eitttcerslietler

.\ c canIl flnd the, ttltt11tiiilli ill 111C t~ of tie es pilssible, 1an iticltl 011 '

11hin1 11tAt it is lei)CeI Uhe 1 to6111.
[Ilie plmlt hI to g,-t soituwilling better. Aiid here theC tIlufilttltie'; (1f tie prollictis

%Nc ;I*,- ittlaekiu',n utlhvc a kind of inverted coiliiori. Itti atjltiitoil`

ii,-etpicd tet nans tiprobltivll; of ttot~te'ii h Ii' pit itladleutiM V I li

Voul1d hl1I'dl1V he srpi illi ii he light ()I omir recvicw itf t~lek .Iilieiltics htoti'lt

-thout h- thle .wkitt and eitutirma~l elttti Lwes in mtodern wao ehtm'

implicatiton,; o~f such changes, arevý tý;implc:{. fatr reachinig, not veasily iiv tS~~L

ilntd still les2tY cathily faccd ini priecticc. I he oirgamns for nilkinug iltti i tlti-

area .and. e:irry ing iltikni out ba ye to he big in order to I imidle theiiites
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detaiI of! administering program:s. But big institutions, as we remarked earlier
When we noted the possibility that one's opponent might usC a less than
optimal sitrategy. exhibit considerable inertia. The same is true for -both sides.

Actual programs may lag. Strateg1iCs may be ine -t. Thus there is an opportunity
for the inventive systems designer, detached sufficiCntly from the detail of

everyday operation, to examyinle the wider im-pications of impending technical
and political change.

Even if a systems analysis cannot determinc an ideal "best" (and defining

"best possiblh" has difficidlties re!'td to th that beset the definition of
worst possible ), it is helphil iIt it. cain jind and prove some system that is

I distinctly 1) etter than those likely to be accepted otherwise. That it can do
.' this m,-h, stems • alysis has already demnonstrated. I

I



Chante'r R

METHODS AND PROCEDURES

F. S. QUADP I
8. I. IN -RODu(2 lION

Itis not easy to tell Someone how io carry out at systems analysis. We lack an
adequate theory to guide tis. This must he expected, for systemls analysis, -even

more than operations research, is a ncw discipline. History teaches Xis that good
inory usually conmes late in' the development of any field an~d "after many

The atttention of the practitioners, when it has turned to miethodIs, hiasý been

focused mainly oin t~he d evelopmnent of mathematical technliques for handlingI
certain specialized probl'emns, commnon in operations research, rather than oil an
attemipt to build a hasic theory for the treatmnwrt of broad context questions
such as occu in defeciise planning. Tlhis aitention;j~to techniquc has iuect -with
great si iccess. M odel., have become eiisier to rrianipulate, evcn with mlan y 11101c

variaibles, iteprescnted, and the computational obsýtaelL s in operations n-seaich

iioxv,111 enlit' ciupr:itivcly little dIilfieiity, thfe moreI philtrsophir;:3 prohleniq,
hbwever, ~ I suha cu -npoviding assurance that the miodel is mean i ngf ul, il]

devising schemes to comipensate for uncertainty, or in ,:hoosing appropriate

criteria, are most trouiblesome. Tihcrcforic, tlic many piportant and useful

IntilateicatMi teChnliquels of operations research are treated very cursorily in)

this book, although Chapter I1I tries to give somne indi cat ion of their atr
aiid ljimitatioll,. Concp[1L, aid und(ertaniding -reswhere. the :1nznIWl-. -s well
ats the user is, more li kely to err-i re emphasized instead.

When the pos,,ilility of preparing a lectuire on lie panetcllire'.A (ill-flilksi5AWas

fist. coitý.idclid tith proper approach secinnel obvious; Exaiiiine ill :ivailable

StOdiCS c:urried hit'u to help militiny dcc;,;i01iiuiak11,' ,Ilil vX(Ftict the principles

aituiiitl~ho-~, U)-o t the SnncccssfnLl StUdies,. lv -)l her words. isolate the

ide;,l i h llt At., manlaIvsis a vooud onil. 'Ibhis effort did not turn out to b,- Yery

.i.Ei,.rither the gaisiple was too, smlall or we were not sufficiently peCr-

cep'tivl!!, Of (what flow sculils. more likely) no Uninversally accqpted set of Ideas

existed. Iti was even diffieult to (lcý-ide which studiiis should hec called good or

suiccessf ul.
On hpe fcr guidance is to turi-. to seel.In fact, it i'ý frequently argizec

149
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thiat operations research shllidt hec CI;Ii'lCied al R!eTe, !t liek 'o~l i ;itl' li

d~ilfceid.i Scuiwc IN concerned rtriiiarilv, wilt 11 he ursuit Of tru1th an11 a1 hvtt.r
1und.1erstlndIng- of' I he world we live inl. Operations i-CSL~ar IL almosk)t withoutl
except onl, is Coneerned Wilit t olicv, that is, Withi more effective V11ipi iiitinI.lion

of thel( r-cal world--even if this nowl have w hie icconliplished without fu11 ,ll o-
deistaindirig of the nelig hncn Its pup kei seldom mlereC!to

Trhere is httlc di le'remiCe ill method:

r 30t h thte C.M ctSc-ien~tiSt and the operations ma.Nstys rendO 1o make ise of
whalt, is soniCtimi12 cs'I& c ;Id Ma i~themamtiecil mocdel of, t1mc suibject mllmtte -r ill

the ease otf the seient ist. Such :I imodel Is a)pt to bie piart ofr the Well-enjI itirI med
body of our, -scientific.kmiowlcdlge, Wx1clreas an operations rescam eli model is
of.ý a ilie tentative, ail hoc. character. In other word", even if the cuirrenit
SttIIIS (s ofseic ICC prIovidCS 110' \vCll-12st1bihl si d theory for the phecnomiciea

Co be d1e!l tWitilh b coeaiisha s.I chte iliis tievelt hist

* ~Const ruct- a wio ýla heth'a ]Can w her )0thI 1% StruIctureC of ithe1 m1~odl
*.. 1id itS oummer101ienl inpuLts; nilloV hc baIsed iUimerl on1 inltuitive insI1ight1null

liimiited pract e;d exper-i~cl. byI flth, analystl himsl.cl orIi b what ever expert
advisers on fthe subject mlatter iv liybe iavalable bi hiim, As fun-hrIlicr tlt

.11d more- estierItIlentm.l data hcneavailable., (!I-,, opurltioits
itii~ys Isto he1ead to di~iserI hislN s imOdLM aiid 'ela it Witlli ain

ilitrioyer nim Iistenative p!i tmii;iic. h)ratdty t nlii colisident-

IVLI
WIc r'Xý,llri O Sw c i~ clu lo t(! i

tHIIefeoie,. inl cromparing upcjintiors icsear-l with) ilt' exict ,'tm ne,;t
Wiit rear .1 io exciest l uS hteprtiusrsniflssot u o

('pe r~~o' r ~i limit litn Hoi'tle Iiiethottk olt sxcice. I fits 111c:11i ill

th .: .r. rf.'-cc t t t rat: it ]mil liid 11 th;i
1V). leil o, -ittI iii lio I Ii ilonr"lj'r Ilmfi at ntil-her sticuit Si k:11 (II p itt f It a ti' t

Owti i it ' ,;M (-Aibi tuf ' -` il ;1 1 Ilifiti ;I, ve ipt itlli' kd:Ili. and t l'itt

(3) L (me\cm ittit tictftod -IM' obljetiVc-i ruoi oi htl dintmg :tdpmid ipt'i

(3l li' sctciiittihC o Illet ctI 1'ýl iCOVQm-.. w ~ ~~rr it',Ilo o Iil"(( I) (tCwIllil it pis ,im

RVAteou'h, -'I IIC lRANDI (orptiMtitrn 11-279ý, Sejtteit e tr,



I1I. 'S mltptiiil()S ANDi ITOCFMIKIiiV-

F,.' NGjN rIFF-N6 kND 5SiYtMNIS ANAI YSIS

(tcirerions research and. to an even greater degree, sysfcms analysis seemn
to he more nearly unginccring thani science. For the purpose of making4 a
distinction here, one might say thalt science find-, thin'gs orit, while. engineering

uWSe the results of scienice to do things cheaply rold well.
'While'there are similiaritics flectween thc typical engrneeinrg probltem and the

tvpic;'1rl muitarv systems,) analysis or operations research probirni, there are,
irupor0ltaIst dlistincetions. Most of these are of ait rmirtitiative rather thanl of itI

nature. hIn-imrrarv systems anialyses .

1.There arc ret itively rmanr v noie tai.tois that call only he estimated rather
tic7rCrI-IrCsi ed, CcI ! xei~r with'. "'on.:der as; art exanrblp theC deCsign of a

'flyastiay'' kit, that is, at paekuge of spatre parts, tooks, and ecjriprid'it to heI
aIirifted iI0tito the ild to). support at tactical hoinher. Amoirig al host of fa;ctors,
the decsign depcndS upon101 the character of the war In whih1 the bomber i' tO he
trsed. 1tirt the pattern of future wars in which a tarcticali borrihecici.'gfni he kised
i:, a icill mu'eertairi ty--- not, s~omething thzit :arr hI- ox 11, iniontedt wir h

2. Ver ll r himesrr rrctsc Ian he madc. ti1e it:uLS Of tfield tests Or OfI

experimenclts malde C-. r the proviniig 1ýrou rid aIrc, likecly to dtifer rrd ically from

A ni rfr to the, flyawaly kit probhlemr; liii' peucetirric dleriarll tot) Sralar

pact~ ,*~ c,~ .~e:~;11i: re fleet the warrninr dtrcriwid thle Kit shouild lit dowfe~rrlo

Io Ibeet. i ttis

HI 13.1 [tieI~ t ie e Icater Which tile. arrrswcrs heer ~e Ic cirtll-' tiess llo~
a 1ways ext rena ly brief.

III tiaseu -'V weiptro]S hmirccoibisolet-t raipivx. ii A'm q-icno citisi rirl ilk1, III
te2tiit~ ycnto.esthfih te paceimedetanud for s3pares; foh our tivaway I. it,

weC may have otur aorswer Itto late to he tif any help.
'I hei time limiit i,; iniptrt-nt: to the engineer al)[r, oittrdinmiriit nlit) thotr

siririe extenit. 'I o tile ac ' dc~iimcscerf t time mlay riot ice ot partienlar Coll-
C"sevlieticQ. i-ic t' ter a lic IlirtýIl degree of COnjIMie;Cein hi. an

tnilit' IIkesC tO get!2 the( degree Of confidenCeIk ftc is attF tic ciii WII'l,crr ike.
tic i ttars ;rr~t\ t .rir I )Ii irher I arrd, 11 ist II CLIpcHit f rC~Act Ili-, hLut, 1101.-,ihtc

A4 1tr 1 I'l [eu m~~intil Imc w toi veriy the enici'' r iesia

IJe foI.'ibeori tirert.t! ;I w:r r can. l1'.'nw' y Lif %wIlt Itoc roi~ikwc ci vh

tic ttic tcompciii menrit a1 liiiuc cidciuteji aireialtt. i1cc1 We- Will rJ Vet lint owi

w'hLetlict' the oriclinlal kit. Wt~tli~ haVe I)trec "N i uuJsf.'tIAi v.

"1heC vadlue eCOmCO~pl' rerii-'11teti111 UrorC 1 ',01i1esn~ ie eI ieei tOw
nif it try anljyses% Seek to hemi sortccci c t-I ke actioni; un like most enginee(ring,.
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however the dterroina honv of objIectives, costs, and critetia erset
difficult problem.

6. In military analysis, as opposed to its civilian counterparts.; the inter-
actionl of the eniemiy's alternatives, objectives, and costs wvith our owin is usual~ly
Oie major piobler-, and the interaction between our own alternatives, objectives,

and costs is relatively mininr. While the need to treat con felc aspects ofL the
problem does -not necessarilY make the analysis more dIffICull, it CIOe-' inltroduce
an additional set of uncertainties and complexities.

There are also some more subtle differences.U

For ~ne thing, systemis analysis is engineering at a high level in the sensc
Suggested by the following example. A glalss enigieerf successullTY plan11S

the rodctin o cetai id of' optical glass~ on the basis of chictiniia

knowledge; a lens-designing enginevir designs camenra lenses on the basis
of a knowledge of optics, the techniques of !ens- nianuttscture,:. and the
general capabilities of the glass engineer; a camera engineer designs a

cailei onti c bsis 0f hi. knowleg of-nany things-, i nclutding wvhat the

lens designer cani do, the aeronauitical engititeer dicsign:-s a reconuiissance
!plane, using, amiong other things, his; knowledge of' Mhat tic canl expect
from the camera designer; the systeini analyst designs a reconnaissaince
system Knowing what lie can expect fromn the plane deCSigner. O f CoMurs,

there ts coniunnication'up and dtown the list.

Military systcniii rinaiysis maý-y diffua from, ordinairyegierginIs
nioornl(Us* responsibility. iii its relftively poor data, anid in the unusual
difliculty (.-f appraising thne valise system atpplicableý to its probhit115". hut
these dilfferencecs airc not viocieit; they ate: LIL11.jtitat ivqe not qualhitatvc.Al
the difliculties referred te. occur hi some me-asurt in the humble~st vngi-

* - neering problcem suc(h a- lesignihg a simple dog kennel 2

*Pci naps rno set of lccdni es hai ever- been directed towaird ,those who em ploy
Ciix'l, vohoica.............. chmcleenes n hlt would Dot be imipos~sible

to imiagine such a course being9 useful,- It V, .signilicanit that it i.s nomiexistcnt
or rareC.

Ita city lilies ~an iengineer Io design a bridgec it l l'eiycbup, iVte rill

work checked by imoCthe cr einuecd 11it thek City ftherJIC; WIll Wot l1'reuiiie to)
-study his report with a. view to seeling ioi theroseis'es whecthr1 'therp

b~ridJge is likely to collapse~n. [heJy believe, With moreC Or IY reson that t1.e
hield of civil engineeriiig is "mificiemily well develoiped anld a lickens~il

t-iigineer so likely ti b lie rni in his svcniece ithu hws itidpmeuill iii flu", ma"tter

Unapublishedt coninunii c at ion from L. J. .$atvage ~o~in tc mlln g muT 11 cm -I icrl

-- ~virsion of this chapter.



is ovi.rwlleltningly helttr than thei.r own. Sivi-ilirl y, they vvilt list the
authority of ThVi engineer that -thfe, Clear.ance. ciIrryII i, Capacity, ;lt,

.7 nd (hmaWhlit of Mhe proposod N-idi'.l c dnot all he jleesdwithIout ani
increase in cost, ['he tradc-offs among1ý, these VatLues 101t m igls principleI
concern the city fathers, anld int special cases they will,. Bitt, hiý andlorgl
there will he none amiwng herni capable of or. feeling the rcspolnsibility. for
going deeply intol these mnatters. Where, hO'ACV~r. aI defense System1 for the
nation is conneerned, tradition cannlot lit ret jed upon-, for th&rC is too little

of it. Trho iade-odis betweenl the various va lois involved are properly JeClt
i:to he high concern-s of the n~atIion and the niumediaie responuihiji'iih of highu
government offieris. Of cou~rse, e.ven inll he,, caise of tlie hi ;dgc. there are
Some1 trad(2-0lT ~onSidCrati6InS that the Lity fathecrs canlnot dodge. They
Most Make Soi6i0 decisions thlat depend oan their esitilluate"s of the politicall
tmenit "of, the city anrd of its pCOhahie futurV gIoW th--dCei~iOIIS fil' Whieh
the civil engpineer has no particuiar coinpetencc'

8. 3,. Tnil I'IiH ()SOPIHi Al 0Itv A NL AtA Y'S.Is

Sy-tenlis allatysis, particulai ly of the type requited tt mi illitarv deism.ion is

still largely a form of art. An art cn he twauh in part Ofl lin hy nicaiits of* - ~fixed rules which need only he Wolowed wa Itleactness. l Us, Ki thes pu '?wv
We have to do Sonic things that We think arc ritght but that ýIre nlot veriliahle.
that we cann~Iot really ji itil v. ;md that are ueVeiCI akeV'd ill 11 lke.'ItlOii Itll' OW
wotk, Also we lOLq accept in lipid. lninyile Il;lvclv int;iolgihic Lactors; dci ived
fi 111 b.IIInihll jodillgifiit. and WO:~ Hiust tiresent anosserts to he se as) ha Iois for

* (oiilicr itldgierits. NA'hcnlevcr pio.Ssihd(e this )imldi"Inkel is SlIppicjoieiite-ihl mi7,lelticx'e

and nummerical reasoil in"hll it is- only jlldglllent iionri Ollics.I

In fact. to :t hauge ,extent, >vLey ~nn" t
'n ""'e arcU

sIICCessflul aids to polic'y detcrmniiu knito iu arca mi sch asý motional secur11ilty whlere
there is; no aeCcptetd HIheOIctikil! foundation, precisely he:1m : illv ih l rc desiig~ned

to mok.e. sYStemlatiL ,old ellieicnt rather thanllilnipay/aid cmid tlgiitldcd useii

"jgidgiett by specialit or experts in tIhe heids of interesc-t. I1 esee limm

roulelod i,, to) cmvI~truct ai "minodel iiplopliai~tv It) Ilie pmiduleii solw i nw(eLC'l

nowh, pmy'. hu' a gonvit 0 WCu ilmtur 1iia{ l 1Wa pwkitio-mailiai Y sceImii1I

irmodliccS a prcciý.t StruetiteI '..ntl 10-r1611010o1Y thadt ,ervc,; primniail alla
tilfectivc tileans oii .conniunlaiiC;601 aLin, throu-lgh n d~ek 1 oiue oe

in a1 11a izne Ir instace h1elp-I s td T t i e L' it tO il)c it, 11 11lVeii t i -lc
Itandlintu. of ',he sihjeet ii;iltei mdi the, pw i'hiim.

ITecru is a distinlction hereI- hCltWei('H em a u1i~s 'aiindit wmi~i. wi, turni

S\'Steis anlys I~ lie lic esol01W. coiimm~lu "!at miH60t IW CWO ca let mm
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lie ýWveidi~lcuiit 1 "ati mbic NIiChlie s:iI~jeeI.. Cin euniCk. [Ile 1isihiC'iti i11;rld11V

C:l OVlitw inikjney enuIIO h :I1551111 iiolls,) hle piul in :i lorn whiere there is onily oitc

depeiidmi: variable-- ternmed tile Cr1 telit'll olr nemeassi (it Inaunt (ffccjiien Iv cosl.)ý

thIiS iS to he Ofltinli7CLI ýlliict to Sioc 'It. (11 constrl;inlt'- the reiiioiIShip

hetsveen tit, depenideint vaI iiihle dliidi the I CNOIffic .'rji ie !,s i ) F fr!tIt I IIted

matliit-Intieci I s. 'Tis alllows trade-oills between liiolirces to bie in Vestgit;cdti. Onl

the other himml, the "tpcU'systemis inalvsi~s piobleiii isý 0wltti firstý: What is

[tic, jroiiieiii It is freC(t~iielitv diflieiill Ito toiitiil1Iiti :I C ilterilli R~i': h

objecives iol;i- he imujltple tjid co~ttjicillw. trueo!lid>, haVe to lbe InveOstiiated
bk"Ptwee 0lijeetives its mcll as- helwvii liisiiiiicuSs More'> ci. it liiiv beý. inipossih~o
to deserl( tilte reClatioiis"hl) betwee~n OhbLeetiVeS ;nil esouIees iii tciiis of known

nimithenitel);0: fuleiciiii1S 01' ielil tol deseCiheli ]'it iliiielitildil ur 2dpiillmval. With-

outt :1 ihiiavils ti expressimig di-,' rot!floii'ut1iiitii S these", ei'I~>f V>';i;'pfles,

the onte r-ecilili 'c irnveestyitionl of trade -oh 1iC. III t~wile deinent[S and
iltliin of C-1)ei'tS- Sli Cli j tiit en lent 1 sicnis a nalvsis are, OF Conir', in

addiltoan to thoue wh~db ;mr' ih.ernt fii eve ic siaietoperations research
IIIoluhll -for entl.]itgnietitOS ihun)Lt the SCOpeC (f tile polei-OiCl.

Iio elililtsI/c tiir-thor thi-; distinct ion between repsra-; ns rrescarilli aIi

'Ihe, p;~tieiipaiits, xv'r :isk'd h, proi'vtlw l 'jL!J'j' JI llli ýit

Ii;' work oI Olc 'ton;. j (i'ieoii'. iloS 11(d orweratofh1V ,'orewIti h- Cincepts

'md hpolosthes W(-[(- pr sciiteul ant drielissed thilit eUl11d' tot he itL~IaI)It td~

liniolledlidely lv,Y ';tI ai n id tiglties o bfle aiialyvied ill teiin'v, of C"xtCIierlene of

experi len tat daita; simtply hiccise the iiCO~il e l~sa ~ did -~ X

A [C ut' m taon, u som i ~ a t .ei~H I eleu c.~eIt&i~i

HotI l Im: I IC i 1 11 dlm L: (1 l 1  H nmC )(A ii %.]I\ .o r f i t y Ii p t ai ill Oeel

1rlt under h off 111tcu onal his.

I V itie "lteiic s V twillvm -, )I \ '11) 11111 mrmýllAl.-h Oflv I[( Ii ; l ~w

iiW.!1ý ptii c Irv i" L IoC'lm is Itittciilit !!Iol~l~ o31 m'oiil.s reseaiei As ttaiditioiially viucd.il

I tilt Bouok CJompany. tlic., New 1'o ik, 19'9, p) 4,
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As onre piaticipant lit~s it:

.. hetradlitional fortrrrrlatioin ot operations research problems Ill terms
of ends an"d means--hoW caln I maxtimi~Z Ilth alchieveenirt of in objective
or aI set of objectives for it given cost, orI: al ievrritively, how Call 1 mllanimze,
the cost (if acbieving~ a cer-ttin wet of ohjective!V? ~-is proper, but limited.

At the national policy level. tho majior part of systems analysis -is theI
exi-atro oftl neactionl of coand mans. By that int-eraction is

meant that whazt Iffe objectives fromri srne point of viewv are- means frori
ainolirer; t1hat what is; worth tryIa to do depend:; on vdiLt isý passý:ble to do,
or on how uffec-tive the means for doing- it nre; and1( that miy given oLjcctive
is likel to he' o1e Of It nlumber of alternative wavs of achieving~ a still
broader object;V-16.

tDecisionis peirtainrilg to Choices of alternative weapon systems or force
structuresc anld -tire strategies for their employment, malde five to ten years in
advance, are. essentially matters of I ecor'onde ,choice. Certain elements are.
corimnl'J i [sleh pi olilviros, uft~loiigh~r rjrsay nlot ai~wayss e
explicitly idaritified lby the anialyst. These were stated earlier by C. J1. 1Hitch inl
Chapter 2 atnd have beeni disCAIssed 5cO arMOaey it" the las8t fo~r' ehaptetus.

1. i, T I,fl, o icr,, for ohipi-civi,0- 'i vxstens rimni ivss is imrdertiaken primarily it)

su~ggest Or, at the very lesto help choose, a couirse of action. This act ion

01151 'i,:ivl( !,I mrf]i ;r' olliotive. Policies or strategies, forcesý or- equtipmrentI

how t ireaply they cin. ;ieermnrpli!h thim rim o! rdjc Iivie.

2. be,?' alicrnauives t'he afterllatives ;r re the mea0n1s, h' Wlik lII it is hiopcdI
the irbjrctivc ;rr hen aw ttaiined. '; tey needn tmmi ire ibirx'roi1)strIhtktre- (In

-perlI-orim tire ';a11le specilic -I tirrtiorm. .

3. 11 h rss Cac ( (IIS 1 11fflti-VC meCLiv, of accompl.-ishing the objectivi-s imiplics
ieI Use ()! ,peCi lie reorrsWIidl -jrijurt thenl he used for, other purpose:;.I

-1 A moodel for miirdc I. Tbe illodul is at represeirta'.iun ol w t Jhes rtnlrr

ri;derI studV I dka rd Ii, pdict ir Clinst ;i rid pci forrilrr ice 4 t e;'Iel i -

terrail vi-. 1t ;ib1StractAS thuIre rfeinlt teatnie, orf tire silittiatior hY 1.IRren WiinCh

Ilrrav %"I[\ 1v i it ur "ast o~f rrratbeiaitie~ii esfiiartirils or. cormpurter prograim
-to ai lrl di,eirhseiptioi of Owe siiriri oil III wliicir jmighniteit ;rIrlle is

ictto asestie enco llCi [tellsl orf, r moiS nrcs. if
'1. I~iio A criterio. ra; l i Ies~b wliie tn 111:11 miiv(. i

be!, chwlsj I I- pr&4crenicu: to aniiothe iI:r, It providesi Ir rvearrsI f usr ring Cost

and efici~~esto order the i rc ai's

MiAain C. Efrith~ovcrr, "Opcratiomr Rnscarch inn 1he D)esig~n irf the I )cferrsc

Programt", Frieed.;ngs ofj tfirC 7'iriri IntrU'irtionrul Co(nrferer'4ir> (m 01wr'rir/orrr
Research, Durrod, Parik, 1964, pp. 5 3 1 538.
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It is casx' to find statements in tile- literature of operaýtions research vhic:h
iAipil fiat analysis to aid any diejeiisio.aker iq reiilN nothing more than the
"scientific~ method" extenided toU :prohlNis outside the realm of pure >eence.
Fvexltholigh it is hy no meians clear that there is M~y UniqueLI method which
imight he termedk tile -sciqiititic muethiod", what is usually mecant is that thle

anualysis advances through smohnct ike My. ollowing stages:

I. mol/1oiion D )etin ing the issues of concern, clarifying the objectives,
;md limmi ti ng the p rotblem.

SearchDetermining ihe relevant data, looking for altcrnatiY&

..rograms oc awntrsleli sses

Lxplcuuaiunuli Id a. a model and( using it to explore thw consequences

of the alternative programns. ordinarily hy obtaining
estimates of their cost aind. performance.

IIuilcrpr•'Uufioti D -teriv ing the conclusions znd indicating a pre ferredo- al-
ternative or course of acition. This; niiv hw a combhination
of teattires, fr-og i pie -vioiisiv conisidered a illernatives or

theiroditicationii o reflect factors not Likeni in to acco)iit!

-cýi oIi est iSIg6 the. coinclsin bi y experi ileiLt

A\ systems analysis ALwIvS in)volves, the livrsi four of theseý biall hut .
qn...............th For..l: !h.In a

lis-eudo ex~eieu l'ulnt by sininittion, iitay simply unot he availablte.
Thle discnssion of mlethocds is divineit H110 f01 oLAr]0L-ion, VOITresp11nljtii to the,

rirst tour stalgeS lsted above. NM10 utei nCthodnlotoy is ciscnvisse elsewvherc, how,-
evcr. For instanace. model building in Chapter 4. gami n g in Chapter 10U. and
tainig accout of the enemry ih~ Chapter 12. 1Th iiscaptuer repeats somie of [IN
materkil of thle ealier chapters, not only lowrunupluis Nai aN Gvo o perq Nbcr I

I orrulal~tion -mli, ao attellupt to ,oklute 111e qt(11-i~i. of- isl'ne; ifnVolVed,
to rts fill Context wit-hin which theSe issnes are to he resolve~d, to) define 1the
kneicnin~ug of Mhe v~IjahteS or N060tortat ale operative. ald, It)m state sliiiitis

amongj thecse factors. T[he rclt~iiinnhips, maty he- esixenetyk hvpoth~ctic~iI hce;iiuc
emupiricat knowl~tege may he hii A=or upply, hut ditev will elcp iiAke tile
logial suitmetie of tMy arialysi> clear. Hi i a seils, tils is the mo_51, impti~oiailt
stalge_, for the tlimie spenlt r~statiilg tile prohlciiu in'ditielciul wy.rc(Itlinling it.
or* e2xpress i rig its limijts hi-ri g.; to) lighit W1hether it iS ',ptur i"Ns Or trivi at and poIn~tS
tlie way to its soltion. Ilhe teukiidcy Ul too frequca V4 amm to uhanA
statement of'what is wamtd "aatly a, pwposed, aii then ti set about hudiiimg
a nlode and gathe~ring informaition, scarcely giving a tho'iught to how Ohe



11MV015c Will COntribi Ac to the decisions which it is trying~ to aissist.. III tact,

because tile coneic(In is; withl filh fjltlun'l thenilajor job *Miiy be to decide whAt
the policyioaker should 'Waiit to do. Since systeis, studies have rmslte~d in1SO~lC

ramlile imiporitliit eh1:1ings 1101 oni y ill how thet policymaliker Carries outhi

activity but in the objectives thenisoveS, it would he self-defeating" to accept
without inquiry the custoiners . or sponisors' view of what the problem is.

Ani mnalogy with me11dical practice may he draiwnl. No) (IdIotI iliol cs aI

patienit's. description Of his symptomls' huit hec eali ilot[ ihlow thle pat jent"'s sclf
lii,%v. hi wocrrid floiq fitxjlnroifession:il jii~hcmeiuli The IIeIdieal :in1ilosv is not

enitirely applicable, however; thec hnsinessiman or military commeander ordinlarily

knows more t haýn anvouc C ISC about! II hi ~ItA Hii Ip l atIIIosAII I Win xifIMi, :cii noyttl Hg

iml-ht he wrong, with themi.

Ho , w thenl is filhe anlalyst to knlow hlis formuilatioin of [the problem i s s IIpcrIi o 1.
1I.\ on/v in adlih meoitag' lies bii o!v. Ii ht is. thle piOce~ss Of prohleni

formuilation itself has to b1v tHV subject of ani ivsi S. [he Systems unalyst aiwa vs
hasome111 i d ei ,'S to thle possible I sollit io is it the proh Iemi;,otthelrwisu, liepr ohab lv

s:IGhould net hc working on it, for hlis i Isi ilpjo\iv 1o hc too tonnlal ann,

abstiract, At this earliy stagc the manalyst esethl cmkes all ;itutcinp Ie '

the prohl'cni bef ore the FaLcts arc know ii. It Ill thIis attemipt which gi "es i him

a h, as is ftrbet ter form uiation.

I et us taikc anl example of hlow ;o] allnighit g~o ablmi itproblem tori oh'i

i ion. 'I ;de lthe choiri t' Of A itevini Mil i11:1\ lit' hopelessly)I iipshl o, Illiiik

oW a i00kit011C ill aulvuiin.cI lit' R 1:liikl 5 iniavli to take a rather crude

value cle see whaut solutilonl its use, leads to. anld t1o lien. iite s'olution is nlot ill

,1iccorilaile With~ COMiiiioii sene, 1'ise it lor iilieoiidifi teiialmlysI

esel'e n otuua retiiig Iet lie deeiLdCd that anldel Ci literioin WvOtilt l1e

to''gct th1C.mos1t voilume withinl th consti4ainlti Of thle lIeCeSS;irV nlutrient~is wiid

e.ilorics. Well, l1w putl hIls HIO&IlOl o the' iinicliiuie l'ioiini aIway, ;111t e:;IIIill) i

with waterinlctlon 'I hat showed 111ii1 lie 11ad1 helfter ee1;de died ''igt',

exlude wa~tcr. whlte thi wa." (ItIc 1he caliue up withl hoiullm eiihvs whicl

eoiisoA I nit]ly ohI sAlt. si nec fill,. wo ii Id ot he %,cr pall t;ihle and nui-lit he,
imiiu;l ntiN tO It 112 ilth, ( lJ aesill anOoLth choice andcil n iuiuiuug ill thlis. wiy'a.

hec tinilly evolved :1ýal sficisatov iiull,- (hdUie

I fi puohciu itsc~l does ]uot' ri'lualull sAOtati. 1Wiutertt!i. ,eieu a 2uowitu

uiilicStjII~tIliiC Iiith 1 p-C~,hic-1iwi n 1 ill-IL po-,bilc v t~i it ii \\ ll ':1H

piiuild~lt ikkif Pill lraiflý., I, the reott it (d ,li5~d orii ieir~ait elrt Ili 1-1a11

theC ltutks proersses ths rienlal ujdcýis :rc cu~r chlicia Im ckul(Irautd uipoll.

I.:ehiis 'i~u ' *sseres s aguile o lkrJesuItS- iit tI liu what we are ltiokiii,

ftor wliIQ? we itl ulouking. Hw liý,it Aafcnnen't Of theý rvoiijý1iioiisilli recominlen-

dat i irisl' IIS11V Iu l Crets Onl a knole)kdgeC of faIcts aboi it t[l1qi prhlcill which are not
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kniown' Ito tile aiiiily;It tIl If-w stA:11 I iji'tI.1 ltv'otticsis lu1tist 11') discari'it
tIiynewv one consid~ered Ini the early rtage't it is, nat t uiisdAk It

in theC LaCe Ofi MU 2161111ui CViiderlV:c:.
thle proce'.'; of :ili:i1y~js i." 11111s ;o] j[CU''uii (11 ;te a t it('O 10nthlten tuirtijithý

hllhtio , .'. ob'utighiug dic it op t liot Oflchcs 11"A ilt ifteivVI a iti'f o f ,1(11 Ni 1, (,

vilr-olIS StUge.W iate tir'tL ýit t 11i Ou it\ ~lj !epCSct to : a ltnfr cyJLe:ý tile ;Ilj~lproXI1iiiii
hithlilt~t 

t'1vc otbtain At the clidot Ilt the lut cvc!, helips us to bettor prop~ire a

,ecouid tormlthltioll. I hLsISP il eNs if j' tim, itsihic to tiiliiiui11atc Itp

colliitICle'ty before it Is sulsidl or, in other WORdS, Itie lilla[ pI~thOilcti slatIICttet

iii ty hive to he written .SiMUILtnCOuISIy with the' IjMitll i1lWCr.
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In the ;'din of clijou;itg olj:ctivQ:,. thle ilerative Ic ee : "ci

analysis. -stanids oit. It is~ ilvipossibl,) to selecl sal isfactoty ottjectives; withiout
miome idea Of the codt and dillicolty of attainng them. Such i i ifoiat ion cmff
only come as pal t ot the analysis itlf

It is a common error to believe flhal oo ~loil and Can. Ille -,Of jaldeý
paxendenly of the planKS"t attain them. Yet therc,!s overwhelmingi evdNce that
Ultimlate Ob~jelClii/e :a1C, an01: Of1tcil thani nlot. tile 'C~SnLt of oplmvtonjlities that
possible ahe 1-r! "e; C. otter ratber than a sonle-e oft ai(ci alternatives)_ 'I'lL point

dai diaj' tuilt oaitL0tu ote. flic dlih., Icit call 'h,; ailti,ýJlated

xvithonl analysis.

abon0,t teOflCcie; ~'~val,,'m n rcf''t_-nc: '0t Iiii'rl(,oi vt't. A't the hil"11CNI

le'vel. otficial suatementls of nat ionali ol'tjoclives arc likely lo he ieIhoer noi extstent
or Xo va1,gLe that they oarc lot Very, hcia liu TAN is sitiiitt' that loves rise to

"siinntmiatoio'.--that is, til "Cth tioli of inlo1it dc~iatc ob-ject Yes" ilnd clitei'ia

(olr thuc po ol'Iem thit ar;oss i ~ it ),! thal :it pt'tttsittat ilStl e t ill'

oither those, at the. baher lect I UK ci limit itiaocil title. alid uiianpowc]t.;l

S~il~lliili~tiiiIllay he Uli pily Wce~OWi amltlukillC FoKr 'xallipll', ;I i eculili aeli-

dat'iOn to choo!;e a par'ticuilar LItt..I . ic wcpoan 5Y'dt. iniiiv he m1-ade onl the1;1-,

4~ ipt,;cn'tpi ~;ihi r thouinc :L (l'''l ii is ct~ ~l~iI i t th; hi-,t -! u

101 ctilebodrojcieo itmzn teoihro uv~iw~pw

d onttiake -. I ii ni ilk I tin1 i i tue evi.'it1o XIIIt Itl''1 Situ a oo itý, to li)i ittdoa it

'apotyt Iifti'iit~ x;)r !J C'l if~ th ti~t ils, lll fit .hf ilh' oc th till jct.'s W uli t'

AOthuc ~ leliiilic*t l i'i bici.I5P115Itltilii itil the uranl whoal lilliat~jo c

Hact n.o the basis o tAna'lysisca sow*itha nc ttale c iti~att. iovi tild ask him it' h
objectives.

iii1 her; wi iiiit rlr,tttu !)mlo 11 it' fivoC u 10 11 ait~~'lb fill- a rx lb tite r

iilt it' Wilt' tllikle! analysin Ot le even' t ww15 k- hrok Miitoillli. ll (iI..ý

I ma,~i~f COl'tiC cthat all if people Ou m and~1 on ~ n ob v s oon
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intdividi tutl Cannot (kietriruililI whit his objectIVes are- oneC cZ0 try to filod Sti-i
higher objectives oil which there is agr-enment, It thenl may be possible either

to Carry out the analysis withI the hingher le-vel cil-jectives or, by examitnation of.
the oridinal ohjectives for con.sIstcncy with thle one aigroed on, to mAuke :I choice.
01we thing" We cannot dto is conIstuct from ill the individuial objectives some
grou~p )i~iCCZIVC by prpiaeyweighing all separate ones; this is -I piactical

ab1-surdity antd it has beenr theoretically demonstrated that thlere is nouiean
satisfying wax' to dot it. If', in th(ý end, all1 attemupts to rCdnICe becie falil, it

minty be: hc~pfi-d to carry ow Ol-e uuiwdyt;tu- tor c~act -lobj~ctive.

A cliýLmcteristic of systenpi ainalysis is that the solutions alre often FOLUnd in a

set of comprontiscs which seek to. balance aind, where possible, to reconcile
Con~flicting objectives; andI LLUcSiornS Of' valti. It is more important to choose
thle "right'' objective thtttt it is to make the 'right'" choice between flternatives.
[Ihe, wxrong objective fea is that the0 wrong11 1 1pro lem is heLi no sl't )IV~ - [be choice

of the wrongIl alternative 11ax1 mecrely tifean that soinct hi ngL less thanth.'bs'

SSY SLCII IN i bcii1, ig c irSco. UtCucntlCH' WC cltli 11C be;ai:ti h melrely ar deolnill
"I rat ionl thalt a*it iggested wition is "inl thle right diireetion", anywaty. hii i iiiutv I)

All that is pvtssibIe.
To Cho a-,ý :Irllolug udtdrnativcs. we n lust do more tI ian determinet "hich

aieitu~~ci ' itis iii iit Jla '.;iirCt objcctive. Somre crutet ion (ii testi ot jiicleil
rn'' 1'X'el -. u'. toti -ti .le for tis tile alterniative (or alternatives)

Jttat lcit1 thu objectives, lor the Icist1 oftiiii oi il Wrtstics.

two iie- lor wiiluiee in I~llutloltsIIite utiitlktlill. orwililtill'., stated !xI

I Ilitch" niv

/. A riterlion (1i co Ill aI lower ec I V(2 (loleiti ,!Iftiltid bt cuui vty ith 1int

aippropiriate to the trext higher level,

2. A --riterion shotild riot haIve I-. lie tehtei wtdt-cdl by coll;ui'traittt' I
'nrVVvi't it troutI givling ab',urd reCSults.

A~S All txt tie o illustrate tile luSt tileiiV, dcll ittiti pattkln- iti' poli
!'(-t ii ttsituet ak thle policy at I le lc5'cl of thle ploipih' runnlingý' thle lot

'Iwtb that (it ii axiin.'ing HL't reventte' 1fromi p trkiiit. Rott this rwiay well he
tltrettotr lite policy 01 thec peolt untngte ii5I

he tol titt,1"iiric thle liet reve~ltics; lititt tueIiti eittelict 1 t;iik -tist whole. lit
L im insrritii patrking lot revcnuecs. kick itt p i-kg fii tot a tew people, who thenl go

.. WC, iiv aditinn t0 Chpe 5. 1 . 1. I h ni, ' vi~eli114L
'If lOefcosc bi Ii/i Nuiitca' tg' I latri'ird UrtivultI Pit tnss ( libidihit-r, Mtrss' I )0
anid Hiich. -Fettutjminrtics arlt Military (Ipclatiotis hui t bc Ivhi-'t Reiewo J(oO',wic~s

and Nlaiiislits, vol. XLI , 1n0.3, Aurgiis 1'958. pp. 199 -)'9.
8 ''Cotrureitc-is by C'. J. I liteli', O)perationsx Re.settieh, vol. .1,-ic),oo. *' Atrgtrst I 956,

D. 427. tHis *tatement is pat aplirascd here.
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else'A'hcre-. tigli lead to consjdcrtblc savings irl land cost,. tor parking and in)

salary I'r attendanMts, and~ thu1LS ill grealtel'r eVen ne for the lot, hut the iosý, of

good Will Might resultLII C~insiderabie loss of revenue for the park as h whole.
A. policy mofer consis;tent with the higher level, and thus a1 better policy for thie
lot, rmight simply he to provide parkinig for iall who come or even to provide'

this parking free of charge.
We canniot know it priori, however, that, inIcomeI from' at parking lot shopid

the sinoll relative to inicomec from the facility it serves. Whenever there is little
opportiinilv of vi siting the facility except by private car, the possibility of
diSAUislug a 'SIgnifficant general admiission chargpe as a parking charge may im erit.
serious consideration. .

AS anl examiple to illustrate the second rule, we can take any "ratio" criterioni
WhereQ a conIStrainlt mo1LSt he imposedi to ke-ep the deniominator away from zxero.

CUX1e MLt !-ust treaited as a major element:

1mmrthcrjimnore, there< has long heen at tendency in the Defense Depalrtme)nt to)
state llftýiikiry icqurnicrncts in absolUte termns without reference~ to their costs.
But O.11w ohii:ii V eltectiv-eness o~r military WMiIii 01 any given wcapon sy,_tem
cannlot lm h;'l I y he conSidc~rcd in isol1111ion. It M sist he considlered inl relation
to its costi mlid in ,i world in which resouirces nre linlited. Wo the alternative
uses to Wih id iem iirCes Canl he Put. Millitary rcquliiciiicntsý ak-u i-eaningfnl
only iii ternis of henelits to hec gai neil in relation to their cost. 'I tinis. eoii

-oUSt anid iililil:iy W01111 hi mVC tOi he SCIultinli/Ce l( gCTher1'.

III' ;'4VoS hi' considered in) clmoosinim anno u :i Itvrnativcs., ;orcovcr, shIouldI
lie tlhe 'e'tý-lv _j,IJt: thal is, the net aldditional reiotirce dlraini oi -iricrci iunll
Cost"' tial wonYl he inlcurred hecamise of the 4lioii'e of' I 9j laorticiilar altciimatIivc.

Jiecattis6 a cirtault, system ntay inherit faicilities., ponrc;oitie , or cqulipiii'it trou11
pre ins sstnis it iercncnsl(')SIS maIy hLc nselrC lo)wer (han what it would

ost 'If it were In exist, "'II iahhltimi"i'. Also, in a eiila it[n ofimilitary capa -

hilities, cosk have, sometimle! heen con.pu~ted onl the basis o~f What the VariouLs
s witms ,' ! Id ost independent oIf the exis'lunicu of other systei, Illi other

Capahilitics. In this ligli coiisi'leh b fo ti-Qiii)ple, ;i Nav~y stipercarr icr. Init patpel

cmiimpari,,on it) estiniate its; vailue ini'.linililc-wir role, it i1n u [(dit WrC''ms i'Jýned
to its eonhti l wajr c~ipahilitics', 1henl on aco-efcin -hi tx' dI'

h~di~~ tS Iitit~ ll'i cOliuparimri with a weapon sys~cmtuti ii la Idl onlya

siiiglc role.

(ii eat ittleill itli ilmist. hy. paid to iniitial conlditions"; that "C', tOl the Llisutio hi~t

thalt limit the pioblcitl and set the hackgmiomiid against which, the iI;
ait a1 Solution 1'. to ho' Ilitale. i T '.ltatj js nI", L: thalt 01. 'i9 M'*r'' ait'int'

(liarles; .1. bitch,' Assistant eccictaryit  iec'ct nitolij cs~tmiinini ils.
"*4Stennsi Dl~e 'elprnent aind Managcvni'nt (Part 2), I 1ciumi g before a Snhcoimmittee
of the(: Uommittee on (i uveinment ( prration'. H-ouse iif ttpeelai s 7th

Congress,, 2nd Sesýsiolt, U S. Goveronie.nt Printing Ofbhee,, ~asliiigtnon, D.C., 1 962,

p. 515.
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1lUiaull tw~o or nmive cxpert'i ate ci llhe.Viicii [hex ditler. ¶ here aic ;eV nal
%t,;i~ ju Irv Itr\ ) hliitit lthemt tog thel. Ii "ing Ithe eolisll" i'cIxi ippivwý.Ah [he', call

rOMiiiIAlhIe rhiWLIeioll,toi 16 re(actiing Ihlrc nh :1S~its ie Sitnilit ikii1 Modiiel
to obta in cx[pr.It itiintt gm V i i - p &' a wholec. ()peri;t ciIi ii'nl no~l1w. orl

"limilikaionl invokvingt 1-lc-plnitivo by- Ithe patiinu e)lII~j;tI Xperts. ispaliiktiirliy

ii ciiet i wichther oreCiis canot he If~C`CILC) le'nen hirt Ii'keLs to
in'tferinjl. Hel teiele oa;Iiie struetilic or imod- telrniiro;hes Owk expcli S 'N ii ill m

m-hirt ciaI. .silmutillted Ii'l.iii \lt 'ithiti i Iiieli- ijiy c:Iii loiliti nlit sinnll".

titeitsy xpli)iCLeCitI; :ictniill thrileiioth- tetixek the iiianlthui s tryinl to

abocuit the ro~il "clild.

A[nIo!her I' tIIC 11u. )dýfý ilII" i 0 11 s Itus hIi C tI tx ei CICI CC I IuI 1VOiti :ii1LI lIij k ~ I I1 C I I'

Ih cNi-i; ilic I. Dvlh t1 111cc 1iiiiitq .I t 1 n Ccels I t ltli I'~ l¶l c t iilts ill'' buit is,

Ie :iug ided li\ thiv, ;iritici ;I %\irVý prom tli git. 1t t 1 iC, hi :ii`ij)FO1Vl the 'sctii'.i'i

me1thod h\ MIsuCthxtetii tile eprsvietvs, to cacti cittici,ý llitwi'Iii vixthhukit actual;
eiticloliontat )fil cl :llt it,, psx ehologicAl shuirtenutitto, I smhidi ;,I,,~ i pet iii-

"sicin ali 11iiwiim nettee to. lbanidon tul-itelv xres opilliouis. anld thie haind-

55 (1211 ClletI ol' Itie 11a':1 pI !I c i~epi j x 1,1

hiiek heveilvI 4i% iit.n~lpitd *oieiiitini i] the lailicr il IiLtIii

Solitt (if tile quest lullsiji e tiL llkj it) [ne i si iiit- ln t itt I liii. I tiliq ie

HiOW MC ercwuori,, br vii ii1(1151 0111(1' mdlt-u ;Hiiis lI o .t~u f ,7lclh

ci i m iia Own it e pli(2te'-. ~Ii to't CLu 11ct I sp iltt ic is i h :mi us it i'i Out

Iircuiiet cml pojssibl revkise Ilkic rteaItiia.

il-in lIl Ii il c

,~~~~~ ~ ~ ~ -,CI.- :v tl- jlI( IIW he O 'iri d 'Itii

m Ni;l ol S\i ,t i'1 lý ik ~ oI ý c (I ic i lI

iiusitii it~ ii a' m liiiI lai 1! iiiitl 1i uihei .li in :s rildt'i ;. it
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it is weli ---narticuflari y early in thle sl idY - not to attach niUCh signilicalnce to
siia]itt(CICili-C. 'It CoSt anld UIiectiivuiicss of aliternative systemis. Specifically, it

is iml-portanlt 'to look for dlifferences tha',have, a ch:1!nec Oif SU~rviMiitg atri likely
riesqlufiort of thc uuectlrtinties. Rather than" ask- precisely how i'mitch better onle
alternative is than the-others, the queCStion to address is which alternatives, have
a cleair ld vanltage or even., ilifl~illy, which will movc(w us forward.

Searc'i

This phase is conerned with finding the facts, or cv idcneec, on which lhe
* ~~analysis is based. It -, ncessa,;ry to look fo-des(a I vidence tol sUpport

te i , ricluding, thle invention of niew alternatives,' as wotjl as to loo~k for facts.
UJnless~ we have :kjt,-rnatives 'and ideas ahOUt them, there, is no0thing to analyze
or to cho c btween. If in tecn-,d we are to designate a preferresi. eimrSe Of
action, we muLst haxre discovered earlier that such a course exists. In long-ranige
problems, 'the t~otal mnbumbr of altepiatives may he endless, and we rouLSt Use
jLLdg9-a1tliL 10 Jli Iiiiiiite tilijiSl-that areiti easo aln,1tbe.

Many facts-ar hard 1o come by. The actual operational pert( ormnane

hI tur CWeapons .in comtihit canno~t lie predicted with any degreve of Certainty.
P~urely theoretical studic--11 oroperations research of' WkapOH l characteristics ms
he dtependedt uponl. Inl syilienss analysis, as, contrasted with most other forms, of
eniginee-iring, at great ttlialtV m1ore itiput~s depenld onl tuimlgiient thanl.0oil measu1,re-
itierit or enigineering analysis.

lFor* matty problemsi it is Ilic v:,iditihili~y ol the lacts wh~icltin 'I let a sultitioti
pnssiblc. ConiderIC. for eXannltle.1 flIe IlyaWay kit ,rfohluc, 1 We. 1ttuntioiicd Cr ilit r. J
'the comp uta til il1 per se of thle optimunm kit according to 'ionic '- 'tiditrd of .

nti-rCoLtiinhCe,, ie2:7-;ut eA it tifmni of th 2xjpectedj kyoss in Loinh i)"t tIl.Ltt r
atti-ihutahle to kit shortaiges d! titig thle SUIpport peIoC1d i tv, rva

piohlems diiplMngyeog. the d iffit'nlty comes in i tn. kti I PUt (1 ,11a.

Th'is matv involve sudh at seeiniiigly easy 1tcii ;' gettimg ai toitt.-Iletc lisýt of 'ti te

part!;, as well as suIch .aii ack,1,y:Ito-idgedly difficult 0n1( AS eti'lti" dt't thait
U~li how fr-L~eluitik/a tI)CLkiaf spares; are neeed..

1Iiidccd evenl it the Lltialysis Is. tLever, coilplectd. 'ile colliction of, facts :1id
tmcir orderlV primst'ntaiion illJ-n C laies u gtAtltsl Coifl,titiit' imtiat thel:

This in iv he ItrueC itlt a philosopl neal sense. huit in al pr-Licti:tl senISe thle teAt
wink iriav hatve onlly Lgru

ltraetiCal -At Ihem foi` Ssetr :ui111s toevi' ll- thfacis ai c iiev('r

known. For examnple. ti IcHAnt omnd a preferred linterupitor- eombat rath 05., it iti
nIexs salry to Study ittCj~)() I cc p urpftoru11t1 arc l ut ltC1ie te i ics, ittdla r cove ralge
requireneieit., ufjectiveiicss, ains cost-as fune~tions Of colibiat radius. Thiis i rivol ves
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asuyof fhe possihieta trget systems the enemny mnoigt, .0ml Mittan sow pattern

of enemny attacks: iuch Ilhngs as radar, costs, proper deployment, interceptor
aramiufent, attrriti-on, and the effect of other weapons roust then Ile, considered.

When should an inquiry stop? It is imnportant to remembler that ini th~is sort
of a prohlem. inqnithry is rarely exhaustive. lnqt ries pnre parial, and the decision-
ma,,ker mul~St get along Widhout thel full advantage of all the potentiality of
operations research and the sdientiii1c approach. Inquirics cost money and time,

they cost scei'nt 1 ihte values are i" nrrl -1i, ca tom knwiva t e s th''ey' oan ito.

they ost i whatcteverH values rie. conceraigtkned. whey can co ist ives te cmd ost.
we dropped an ýarmed Atlas onl N'ost,'ow. It mIighIt he aji eýIsy ohserv:1iýiOl to'
nmake, hot1 somle, of" thle costs secinr to prohibit this tvpc of invecstigationi. One

should n1:vei fail" ;oo thle error of teeling that inquiry is free of cost. '[herec areI
many. contexts in Which we cmin ignore thle cost of inquiry-, hut parid~oxes arise

if we allow ourselvcs to forget t hat almost all inqujLiries Mu ist stop tar, far shor-t

of comipletion cithet tot lack..ot Iund ., of timeC, or- o-f jU.StifCicai on for spending,

furtherT ftudnd or time on thellmni t k; ont ii of I ho question to collect all theI
information that is requijrod for CA tI tiinsC analysis. aind it is ott of the qiuestion
to process it.

As an analogy, consider the extmuple OiF at physVic ian Who uSes A- Cli nical

hi.- eik'.vhelher or not his I et ha;. onc )f. several

thei doctor's inquiry univ iiot be: uonn)lvlt-lc.iIc couild prcdbahly doi a lot- lioitiii

laboiam iitV litaly.-ls o aii cl ill ii spocialist I or ciolsill! 1am. i' I h' problem is

simply one (it' diagnosis, one of' thle best piocedutes' iiiiglit he !10 Slanghtei thle

patienti and nerlorin " h40oioi mitop". lIiiV'noist here is prohibitive, not only

by the standai-ds Of mo~dern society but -,imuply by the fact thait Thbc piysit-ia

goal in to help thu patint liv a longr amitI fuTl lit1 . H e would oidy frustrate'
hin itself if fie bought kriowl~dgc at the price of the life hie wv,-s trying to guard it.

LXJ~lanation

After Ol:.tiiliiig sonic idea of what the facs ni ahlcrtlativcjp are, it is lcesr

to build s:oin" way 10 cxiglail 010nti and 1o dclC1,'iiimC thir cii plications.
in ordct to -make niuch pi ocicss with re:a~l world prohCllemK, we iiisM. igmi1ore

It great ilny n, .1ite actual fttirm of ia question tiiider study and absract fmiii

ýitjatoficcrainh-i-a-ts-hopflilly. the~ relevtint. oinesý-tmtd theii
m~cr ton hicuh togethericti' ml(-up in ideohiieI vornion' of the real ;ituation.

'I his idcahL utn'iim the call a mnodul.

Th tis is not to s~ay lie mig'h t not risik life in Iryiag, to gtmad Hi; he iiigntordcr
':1 'I . ~such tests as a 5n ifial riiiritumr or a liver puncturem or therjulccety daucroigms

procedures. Many diagnostic puicedmic.iestire diinmgeriins and aue uised wheni the

danger is justil jed, bitt a docto wilt not iiiake a coinp% IcIcsulice of what ht. is
trying to protect..



III thle gCnerat; prOCess of" I-ffo~iitt itine. a pioblein and i-aihecrinp da;tI ithouit )it

tile :tlalv-st will have dcx'cliiped snmic idcas ol 1.tte1 jtifteiewfco

ilrc 0,11ha is, tIChc lactoS Which provide discrimimintonwmith rkespect totilc p~osihlk,
courwes otl action. lo piloduiie qtiant 'ta;tive rcesults. it :i niccessnry\ It) oss1W 1 ii

Scale of tiaicleito e~ach fiactoF imld to stmw IN defleiclctten onI cei'taiii

parametcrs. Ncxt, the ii CrIetiittI oft the facto-S mIIIt. he deciilled. then "sC
hIWV a1 Model. 11 0n12 V-thci ý 1od ,Oisotilhj iiie stho hactors pert ient to flhc prohie
ill the 1,C[i00o1 at hand.L lb41tracting- theiii, it scale,(1 ol nica-isiicileuni

aiidthe tleriinpthcir interactions buitld ithe nodc

VIhe ditIIHCiiitv in odiii, `1LC lddine~ is their We kito not know at tllestkirt shltt Is

M.t 1erli01ns an1d Whatl k !:LC~illvatt WC must procetl;. oil Illhe his of expciilJ!cý;
un l til with pretinuinatvN nmodels. ciot'mdctiiie pncwil aint p:11pe i'\peiiii(t

illnniin:ite our prchin~tliirv idont.Anitvsis. hciiin iteraItive. is, seW covrrect

imnn; it,,tle stutis uoL'S on. thet originat 1IInstet is AdtIekd anid replaced so thilu
helms,110 ioio tIaC. ICJi datjonslip)S I)eing inIvestig:Lted isrP'sti with loileatr

I in iiti'~t fill'iit'ltlewii.i there :tII 111:1-1nNpo'Si~td rerd'tii~n:iic ianjropnhiw

I linn ci tl dkittlld, ws illichl ~ /on utsw i (1:4,14 .1.'t, is 1 C iii t he Ž leuilnlnti

ahout wniii hi i; is~keit. F). 11. uncJ itemd tins, ;tyort;tIit poult n1 (tl~lpte~ *t.

A towni !I calt rliodoled ivn limp it' ti tuesi ion Ncit 'J cit Is tiow !o svilik
I roi;,- A to II; hult It' thle tuestion ~ll ii I stie I it) tossO it 11' O triti he1 ec

lo l : 1 ,1 -I

the tihitsicir (Ahii~iu.rdiiitOi l repicseii tat nit iv he Issli i11t~it nl

or by a s Iatl elittie.

ida'sci no~iiytoiit .iii;iciii it chli uiris. 'titi 'ul thi.

(1 t 'AiJil 11 tiitiuu meie. ai id a 11 ii h hlitwo a~ illii' ilitc 1i1-1cti

It pub irichiiiaeti' ;ictiusp is it thlet55\. if ilt'us. ciiuiltcieite

If ssiirkiiug ssitl i t'lu r.p ,clle t;1 tuiii I (1) 11 itcs 11, ii - m ili, tit ttil t: t All

jptINinii il gs it_ i pail itilaiI" t tIltt iiiiil xIi)c1 tr uiisi cdt thlt siilin timikit is

callil i t : tue A Pýliiit f I noidise ln o i 'it o tT id is, Mull :i!t iititlm

rc'pcmtlw to atl [1necrt~i ii sI;ta'(t' ;iflat iPi' 1itt1~ 'tti a i not1ChI to- uilw.

the ptaycrsýi~~ a I I, (it su';I:t oIiiccrTIiltie ~icid tiite neC 0st"' liv (it It orrII~tut ill tttOCit

phIt'. ill mnih a wtiv a" to dupi \Vith i11tt ler"Ceable eniltiulpenelics. tiidecit, ate



it i

tmpt l L it xsw t I illl Si%.Mc III' LLj VI'yý !I,,I the IICIIL IL al Illw I Ill"i IIIm ll ji l

kleiýsI'II1flL ;I %%tI id L IIL'I. III iLItcilaiLLII\'25 ilIII ill Ito~kIIltt Icul 5LuhsLIt-i (LI iILvsi

I~i~itiis dli LLLLLiil, .d LI sls ilti (LILIL~IILilI.t
SLL~ltIkIItI.L0i l, L II L IYI.litiltI lcI :11\ wi \VLI.I l-Lt. LL LplivaiCLIIlIsý i., all 6L ;'1 ýlIilctd

I'AC"lt.L II LSLL rCt.LL' I JIL CCIIiILItItC': %YIý I I-lk L' i iILLL'LILSlILjtI lit all !rfIlielil

LI ~iTILLII iL or LLCIIillI .C I)CLI1cll t w I n fic le I roi tl r I. I LI o LIst LLLdLI 111 NI1 k'

that it Call [LL.' tLICkl tLo IXLICkic CII~Li I~ILltcbC c PIC:tXIkL'ISi\ I.IIItkAICIl~jL

LI~~~~w l.1il ILLIL1L vl'. 1 LIIIC L iILILC~lIIN ilc It f iLIC. It is

L I -kI;Iti I-L i ,I I I I I C ICI I' ll LLL (ý 111L IC IE)LI~~ lX evc v Iit ' tt' ILI iI I I Ii I I g, a I LLIr

litsI!LIL aLLL LLLIit . Ic L ILI, Io ~ILII.I~i CIDI I CIL I 01111 IILLL 01I ;1111-10 i to t ilt'c

hILLs ~ i II IL LLI. Iilqa le 1IL- it p oit ciII ;I II1cLLil' Ito I tlL.( OIC iiLLIL 11111 ; II~k I Ik l'!

01i '\pcitsI ll5 it ,,IM55 mt k2lLII ILINIhioLI Lull
1  

W IL\ to 'Lo ith ilt 11iLLdinijll,HLful~ik\I c

II' I '\ I 111"I'LAI Ill llI IIWT Ill o ),-ILLIhi CI v i L o h rLIIIII oilL ;<I, It L LN iI

CI heLI 'pI. illra- II tILLlI Ill (dLCI l dc IN~II IIIpIL:III I 1 o 1,11c 1:I

I I LIc U I_11ý, H IN [loL IILI-XL I IL LIL ti t) LX011 (' 11 ikit: l10 t hII [I oI l Lt'I ItLL

11 "IlCIIi t L ld III II t ~ick 1, I kM . ' m L LI II 1N. I Ip lL L III \'A iL l ,l I LI 10 JI t. (L L

IL CN iiI ILLL I 1 :1 11 eIl : 11 e l N iI ll S I 111 I lt 5'l td Ic k 11111 JI LII Mt IL JIWL

1) 11: II I 111 il l 1AC[ It I c~l It "i ll ;I wIt \ \\PI I-, litt I L01I - lul itI. w I I I "ý (II

Il I. I t'I Ii1111IA 11 c m uiS---I2 l ý lI olt I' t IckI I It, I1 1 IlIi I LIII IIlul I -, tl.

HliIIt L % i III ,: III ;1 H ) hL' l' i L t olwiii I I Ic LroIctIl l li d L II l ILI xII L 1 Ill S IIIou

:11 LIo t, tllct I'tIII' he I'llrýt Ittlil IL I'

tIl 1 I11 IIII ~ I vI ltt'l I IIII II p1 i 1:(1 I ' t I I I I I' I iI ILLI Iow . NIIt t' I' il CLIL I i1 11 Il "

aI v d(III . tI i ll LI 1t L cit " kI ( :qI' L I II I' 11 :1 Q IIM'i S1 L CII I I C f L it 1111 Iit.Ii l lo I I (L SIL't )III
1l1 I 1-1c 11111. I Hl i I~ i-LLI IL N: I c%(-11!.f S~I d i I1Cil' lc !(,I op11 1 sis I1611 I it'11 IC I H I

I1ulptl .d ;it ;11: 1 iIl ' I W il'. I LI S i s lItI ti LL liIIii ~l I tIl ll LI . 1. I oli p I LL'CL i't

ILL~L I t liY I q I I LýmiIII til Ie LIpr I hI -t IIl L LI ýs ;I Ie: I kI!Itti 11 Io 11111i I lit it.' -.

itqtII~iLL -It'i k I'' '' I ( it L' I HIr pl Ic v illV It~ 11115 LI Model IIL I

CC Pr t -t e ltrllicý11d l C\II111 01 ol it a

Vil IhicsY LI Ii i )()l L 'ti t w ic IL re LIIILI S L t~II I i ()[I ce UI P 1 11 '15 Ic L li 'II Li'lii l Cm bII1111 LI

It ItILIILImi ICii ILIL' CII x I[, li[')A ci I\- 
tI

IIC( f I0 M /~i 0ttl I I~~I'~ WL 11111.1 M I LILI LI't',c

L~iol'A!! ttlI- ei t I ClwoLd prkblu11 hL itlid IILIlY ith HIC Modeltt Liii ICW LI t IShI
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at issue, In situations of great complexity, such as tho~se iasmieiated \N ith Major
military decjstonN, only pieces oif' the problemi call be rep reset iteil with onuti-

dentzc. 'he sttmodels for thne pieces or omnponet mmn frcNetly be put
into a form in which, they wan he handled by such techniqueN as (lWaiiuic
programming,0or queuing theory. Butt CVCII iteke, thc. new andi :1 ;11. !Vatrrd

techniques,. w~lile they are usefu ano piomise o In hicet n tore so, ate :;elIdkkm
necessary si tcc-except in relatively few instances -mo101e ClNAUcn tar)y t00u1l s are

-i he dcsign of models to assitq in the ek isot proccss, is iii !ag 'p tteisti anll
arft. 'Wide experienees and.11 thc c ninn ,ol:0t" uniau vw opir are hlptluil, butt it

jurcettis ,,election or colln nositioti plus itisti~- tintet mitcti1 fr, oaciv
it-csirCd effect, CttIont oal v

'RuIc s tor model hudtling ire few iiinn dU11ie attd,~ Vds ii heIphl. [orI
ex.arilpic, hits some~times sugglmted that thle anlalyst shoul td try- to find models-
which explai ttuu 01c and more thingS within the samie con tex' Itt operations

ciieaIrI cihi tlttsi dS to time COnIIStIuc t: fionII of overlIy bigint Liu~ is and iWN tton to the
modelC and not to the problem.

a - i'2iin'.i~u. ir truiieitlvmtiid'i'u 0 I toI handle
sitliiething) thtat is [() tliflimJri. t ini~ , itiveiate. F-or tstt inlte mnissile emitl-

parilsut of Appendiix Bt, the miodel Was, built u11 stCpI by-step1 hy- ;I Ir(WS Of

"Si~ti~iili h'y on1 ssutbiji on'. Fnci t t~O itc Ii itistJattee \sw';i'ta en 't) elk
every othci tat pet IN hismanth dod in tI 0"A it o WOel 0 i ~k ) Were of OWqit
V1l1-le to 0-w' offieit, (2) i eLjmItud thc io Ln vield to dettos. (0) werel- :0

sothaieluto t tl i ntti~'ytet-itii taitir t seete samemint.. e (4) wyert' protiied by itlic 1112 l sovieiltets. antd t5) '.,-tc isolated

itmade use'UI tile ;IssottOlittn, Itindatnentill to yv'r~t''n wvith muotlics buat ''oAtolii

Stated, tylat by studyinog a ipttcdptbeic 1 Situation We will get A ppn tXi
miatelv die sam te aitwer we wmuttd geo by sndit ly' thei i

t
;'., lisl Miatlon

* ~imiaginabhle
Alt ,At , i diiiliiis i i~d xli It ttes ateioll

* . this iS -it itehtlt N nitalI, (ii a g~ood :tcstiallav.t tot lity Wisc(, peistili iiit

gtiteaii ssith othersl ris that he sutat th lWni on w hhich tie pel les I lit

dues ttit itmipty nevesn~iy lvIII;, lie ntakc', betterI hsitto t. bIt only tHalt IIIt
errors willibe tiorc evidenit

Ihe Sontrast hoecixve 'ti e totive unwi~ntit olI tue s !.;,!tt de iei~liti
at tnuttei anid that 1iteiti it itttj'tttomng itS ('onsjýcqtteTICC'; i~n givei Nwa. int jujinltg
what is, imtportant. Ihe desigim of thu itode aitd 1At.' ['il it Ms~th which it

representsI those utslem ot til jiheitomnuc being iuodleul i 'arc an Itir thie
qi est ion, utnde~r C0onsiuCltttOn, jitt how far we push the coil m1t itatot. i;

Olm i iayaaytdes '-lot have, and cannot be expected to have Uth

voiceisc aidA fl5 X.hlk means available to tOw phsia scetitttWsItte hi



ii.

it. IN1 t1 HODS) AxND PROil I)111(1 16 0

mc~~lclsH Lx'einen t -iC 1)), for Cý(Jinpie ell lFll1ll wi
1  * 'At'O -Ii

The best he caln d0ois to tc St his IlodeICS I 1w Ilc woitvabdi ltvý I'Or Q inliptc, lie

call try to deternlijo answer1 tOWth followingL LIIqikeslols.

L CA; tWe lUCIUC (lewlil corrcediy 2rrlni UChat y thC KnfON'"'ll V c.sliii s [nat icils?

2. Whcn the principali pit .ltýIoter,, involve.d ire van-iod. d1k the rumdtit rciilal)

ColliStC I-, ,I'Ild Ai It1 .i I i Cihl

_K) U I I C~l -)CC~ .I i is v!~ [It 0 i.tee I 4 C liPI n to'.s [iWlitti

1( jin it :tssign Cause5(s ito know-n effects'?

coinlC~iy, r WhetherU it gv bethel

is th~t: hot I 0!hOte&in analysie s better, ta scientifilc. xim qil jolt dPend on it
omplixih~~~~~ X'le11 01o ofiillthlt kct soely o

\1orklni i tierw IoOl tie 6Olog iut- vais 'olil~ilc pqhICS 10j~ 'nep' 17 in~

fi-sc the eld osest OV s OWem -rniilys I COrme twc I''h oflell~ Oit ionbl an )eymd~ thet nw

Tand lhuf to M:aw,gsatlcm t h eltie' '5't ý-1, 1 0 i,11 .. ir

S%`stell) Wi terms i o ltle itoti,) is sot lel lIolHCS ,, h i nsb to 11ci~'11 riil ll'I2'L 01;J r

system wuinlle:ofi e'I l ll~~v I Cl 101 ill ii- iii Iit'l ~ in til

It iý, ajiko iiojortml. to ~i n ictl:thwgý

;[nd Owi itIrctll't-rt ot llneeetainlhY.

like tlile probaiilihyh ofwar. Or hee~kNos II?11`]( (1i tloh ICWi]iiltllent iia\ bieiti leM

IShlio IiJ \ It-IV 010, Cldi;V to0 i t. or~ ai i 1  al i t~~ Ill
oth g the qlE idilelllili111.11llu

alOwk iL l this na t -1gtlry IIIIi:. IJ: 1.
1
.vC Ill'o(Ij 'e ftl iilsSyr ~tileIi~eI

k ii llt 1Ii vIlehtse5 iili ih o lli~lnijliv oh sa niaies lI~ie ~ I UIwo it'. t t,' \vIlcr[I

eio t l01C i Iro ici Coesi N.111 ll!1 iloii i t. I si~it. ' I lk iii- I (ll eihe ilhj:NI II:ill

hactot is irreevant or tVIAl inl is (jlalltiativc C&Ih2 IS ill J)Ctiectise it hi:k~r,iili'

tile 51111k eliect onI 'iii tile :Illuteiliatus tInder ol~lpii,7-iieloI. the, Pou(41,1 U



I Iinltiqlltllt 11:11 vi' 511t. i c not Io) bc Ulie'teticlN ti~thont i11Ci" t011 LI

1lyt11t Pýw Lict Ott aitll "ImI-1Cis cdli cI Coll ti! I lc I i os ii' o 1ev that ti Icyitc III

the1 lstP::iI lue10106 i, ito aIlterniti Is litke 'tell lit[) ieimlit~k0_11 thi'oiiizh II~ifio ItIc tho
if, Jliie stiiiiitiin tititti L1II111 10 IlW 11Ficoip I'a IIICI c ii ki tuek l10iitd. 1411. 111 is ill

mtilitill tto like lietro lnl oi I IL p'e\'iollslV outit [ii sýriibe, VeIt d simi k

i~llllhIi'lIittN \tliittI2HIII..t iclt aiw, zkk;ivs 1Live souR'c tt't~iit intto 'Ile" I ii'e ofl

Nines that a t~atit'ti 11101 l t " t ý K.;t1ea !. i~tit ili tlt'w \wiiI' it"c. t 'i1'1i tLile

lattt thu it j~ilt ti*%vl'tiilklli ,d tINa~ke II llt' tiCCt~'itt (11 IC lltttl~ ii'llli'l

it it tl l I ii 1111 Iitl t I lL,10 1, i 
t 
ii I 1OVi I V 1111 \ il s Iit01S 11,1t l \ Ilte i tt h et i o Its q itl t t I IN

lWl ( I l t is 0 l t[' it ) I I C I tI laic t I i I iii "IfI I I

Ii I L I iJ. I Ii kI tI i t It L IW I tt I I t I c 'c I tI i I t IIIIIC ; IF : ill i .L I~ii I t it FL'~ t L IL'el
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Ii'iCi t;e iiLýlitqle \'tllle, I'Lt th' I triae d U li l uetol- ii3N ILA lie niL isur ihI. Ilieii
;WimlI ic uilliity HVOI~e 11liN I)C FCIlil 10 ileik, iG'ICk jtietors in u lii

,iiiel i'x. \vi\ tWe 'IIt Lis ;111 \ W iid ilrl la~eiltC11 V I ti'uIlhf h\ is elIlilelll''c lcs~ii'\er to

I-or example. taike thlk It thu i~ili ; liliellut, 01- itiRICiclei 10111h. SUCili 111

ciX'itifltiCS, like th1oseiiiW ill O F l~lni`;1iC actie .cat 1 It, ri hab t miihe

deW1iMrIuked tkIM IL 111C J AVI011cil
3  

l v Ie Ill11ti lie Ii miIteat t w o I citi"ll~i- t siV I-)

thdiim-fie tlilclite:, of~ ite . t Ijiicill "in iiii lltii isciicl t jh I

Ujilerl ii tiltles abho tlit il til Iaci'li', Si lie P, lia'e HO il ie ' e-StII uNL I

s,11 eiltikli. or about11 diet Int M il C w I)21iý 101 t0l t \u aiim iS I i ' LIIIS l,~ Oi thle jll ma

iIhkiit Nu ll uiall'j U it) pledlc ict It lin' t, the elas u eat.I Iiiiit'ti lihltes Iljitut1tt1

reail LHileTttililllix, ec COmisitlel1 'vv its Ilike the iinsi: ii ,i t )I It I i,% 5hiieh

iliitlNixilnial imiay a ttachl stiibjiI i\ c III oh ihilliticK, but Nxsliiei Wek i ii' alioi ealeimlate. '

\ihi meu'ai ki~l.o a1ir Jleie!!usc. lkt Wail;l *11iiiei lriill'N Wi l\e ' eei iji e k i h~iols

lx- N\' I I 5 I nave h iw %NC illi.!1Sxr t , ' vii xii ,,ic beiseit'! 'Wbi suirie ltiL

tOwt elieii sl ixe I orl skit.:li Llfii I~ 111i ts.I l iti, t i s IIl i ll' i, itLjIe xl:Iti ills -

xitiknil ichut In ixl iii t, 11,1 i t etII)luilIt,"i, n illh i OII ixiI',iIl lIe iil ie li1
leoiL ' iturI il Ithil I I.; a luis. li'-' ii. iuttl i i' rxl

I Imp k kxii t 55 X 1 11 1 ',(' M IC Lhlt' L k I I ''ii' Id ' utu' '' " iM Cl I Illi11i.

Ill' II''' i ' 11)11:1 1I t't 11 I'- ' i lit
1
i"l '' ;Ii " i' i ltilt S. liii i ii' titk Ilk'

I V [i tlim 'it ita Ill li k111k i 1 i 1 .1 I lxii M I'1 1 'i ii 11) itA~ 11,1i kl t' OI Hol xx i - 'li I i' I ha

* xx Yehu ind c ;uIe it Il y ''- o : dli lw i 'ii ilkl ;Iii' 'i II. pt ' I .C N litii pt liiid chii lI ii

kI 'IIII Iit 'iix w1111ir i Iu It'' 'i Jii l_ ih ! i' h! ' ¾ ~ ilI'ILt i lli

Atc ,,i l L'' 1 .11 ii ,iii I ' fi , ii- vii% Il I k L .1 olt uI i'IIk.I a-- iii ILL'
1
' ii xt' l~ I

xi' _ dl ii I I(i, Ii t ILLlt I(d [o l 1. I liii I I' 111 Id l I till, I i Iiit % 1 1Is . 1t l i W i is i C f I tt )-I

'.11 iii I L !: II i tol il mtitle ii l 1\ il I 'sus 41 11, i,\1' 1111 111 l ii '' ,i Ii llt

x.k ihi Ip h .tudir hi ;\t ii 'Ai'C dl jS 0 11 1 iL t il I otu tli :' I 'I i I i' IttI IIIL
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a coursp in a driving school rceputed ti have high, stidr (rather than teaching
him ysef ad ~a~sng m own possiby had dcinjg practices on to him), and

-' then taking thw freomniiendutkin of tbe haltrileor that tf he puassd the lo~t for
a1 license, he he pecrm~itted to drive without restrictidOs.

In the ana~lysis, aS, a prelud(,e to finding ways to ctlinpetisate for uncertainty.
anl etort can be made to Jvsrcm.' or rmap thbe many possbl flutures, rather than
to pro//u / a future cnvircilnmrct i a the sens of specifyingi a 51bsequenuce of

CVynts.SWn the future is inherently unpredictable, if is too hazardous to,
proceed solely on the hasis of a htest estimatle- about the future rnil itaiy-
tech nolo gical-pol iti cal environmnilt. livstead. tl,~e analyvsis must iecekon with

the wide sec~pe of possible developiurenis aind'; serioris tineertainLties t hat Owe
future ho!dIs.

'I(, do this, as Far ai the technicAl -,11d oper~atioFAl pmraineter,, sire concerned.
one way is first Ito explore their litn its and then iAke tilee calcit lhtinnls ill termsn
01 thle raniR. 01 tincertalniPI',. Uits . a upper- mid~ l.. es C1itlliat AM to

Ita best,.gue~ss. Althou'gh initially it is usullý1y necc-ss:ky to design the systemn ci

strategy primarily onl tile basis ol b~est estimates, this type of ilvestilliiau-

through feedback, helps to "modif them so) mth. thei perfornailce Will" notb
sens otiv f unctions of parameters whose s'aI lis are essentially unknown. And 'itI
ain't. he, k-upj iii rinild that altcrnatives are In ho evualutd. Also by their flexibihiiy
it) mleet the ttlri'oreseenll. rantecr tHan' Woey by threir opt inality in meetig

expecctat ions. In eases oft doubt, to overestimate, one's L)itnonerit11 and to unlder-
estimlate ouir teaiieaabli w is riot l'''iilythi' salt t ' tinet) LIO. ( )ve -

estim-ates do nlot nlecessarily lead to saily Is nd instlii11cc Ii(- i lCy c JustI as likely

to lecad to depar d 1041 Of, ForAl, i0 t0le cciii d it UIi aila"itiiiiii t it WWrIti

pol icy -,objcetives is hopleoss. anid thus to 'stratgies oft desperaiolii".
Of course, toec best way to enlnts ic01 Ut:Cet tairity WoUli iAe i0 llet

a1 hCLIet syslet ii of: I)ol y wl~i cl would prnyi~rt- insurantce againvt the whole
range of psilcaatph thle difficiulty is tothd scovt o!w ill (k) tb is

In view if Mte unumitaintics, presetnt in any operattoios resecarch Mondel, liow
cail one obtain ii k tistol nwtr ition I Q, hiltun en 10tal quet ic~io iii en oifiou every
"scientist a;i( rer'lliri2S .5''11iitji'' anim Oiit'lts nlss i addlirtnon in

calculAtng initially with a range t4 walowc, it is necessary hi, find o-t how

clirCS in. t11ile i itf itinii 11i1t iinto thle 1iriddeiii and thl aSnM111ptiOis tirade

In -seinsitivity atilaVis~,;l alicii itll mm5 itit) i drie nline hnow sei cthle

-ilt rc to variation!; in key parainietuers 'n'll a~ssitriplioris 'it! hvhp ; to
obtain at dominant. ailkniton ki which tWe riikbrg iot thb Kreerie alternaive

iw..uitci st e t,, reasolnable variations inl ValilesC LA til( tain nolters or

assumptnions inm quLimuon. 4( ingiti eLncy ainalysis-' investigates how at syst-vil

chosen with one assurnfptiontholiuit tie cnvsironnleit, rrieasnij~Cs (11 ito the' 1 pr-

forimwve of its alterimatives heni rat icih change,, ii thle etivi ronierit occur.



'IhUS, sesvt ~ Iysis migt ii-,t thel- 1lteirnatives for a widec range of Crnemy

ca,'Pab;iities or for the conscquen~ces of ha1ving plalnned for one level oit capability

when another is expcrieneced, Contingency analysis moight. test the alternatives

Wider a change in criteria Or Compare them in anI environment in which France,
say, had, bom.Part of the Coiimnni1nist Bloc.

Y ~~Siinee a systems anlalysis is a study whit h attenipls to influence policy, It mu1-st

in the end present a convincing coniianiSon of the relevant alternativ.
Although it may t-e clear to thie analysit that a. certain courPse of action A is

better than aftermaitivc possihle- courses of aiction P-, C", 1) - ,it may not be clear

to somfeonie who haN not "lived" with the problem. One way to show that tinder
any reasonable astaim ption the systemLfl orI polic,/ designed or selected by the

analyst is indeed to he preferred is to use eiiher an a fortiori orI a ''hreak-even7 "
'10 m11ake an1 anlalysis a fortiori, we bend over backwvard ill in iking tilt.

comlpýArisons to "hurt" the system we think- is hotit and to "help" the alternative

Systemi-s. if it then, turns1, oait that after we have done this we canl still say We

prefer the han dicapped system1, we are ini a strengthenied posiiilon to uuiAkc

0cou-1-u1tun. SomlUetime1Sw WC canud0 dIO this -SaLY, if we conlcede thel
exaggerated performiance clairns for rival sysi pm is anid thle piessilmistic est mnates

aot the sy.stcmis we: like. lnat-is cense, wve HM,.h tr a. ...eu ...a nlyi X

dCC ide . what ;ss~impi ions miist bc malýdC ahoti.t importairt valticsinodrt
inAik lhi I)LIermriaiice of' !he two sYstenm% Cesei'ti'Iv tl;4. '.;mnn' ''[heit we van j)

sipl Sk peLopIle to judgeu whect-ter thies wý;i',',inoln it'' in)i;O

;'iiovtic. As Kali ;dNInT- o t

Mot-1h. in any on i-W do sim,0 thio,; diie sl illed ii f'! 4 U w n,1i a, d1o- Ai'''

*ii-p~a:. ..... 'I tilte o t;. M d a a '''h

(concepinally) Ix' donet ill iwo stagc,"' 1 fir't Sange to find mit vi'l o one %want'.

tu recommend, and a se~onid stage that venerates Ihe- kind of mnfoi jin tionI thait

umak;:s thle rcemmenirindl inns ConyiVilliiii' CV12 Mi Antl ad)OI "rdi n.

Alter ;iget: ,oltion h- ec h1 iii-

10te p I )ICUd Ill theý li'lnt Of ckiisideratiý,1as WhichI Pia', Dott hlave beet;I tileiicly

ta I'iI 01C ilic odj JI sCC the model wacs Init a sliqidc rup'l,-senstatioii ol. the
Ilut sel; hs' b.y t~n' analyst. Foir texanilple. thle ý"-sic is ;iialyst. t()r or~ that

mai~tter the,. de.ignlers (it thme stl ategic offenisive ot icc) may ave Cdl ljsh'dl fthi'

icqo irernen t thar. a 1<7rc,- aVssre. the de~structionr oh, Sayv; '6 p)r Cent tof the t,'rgctsý

ait a uminiti~luIl cod1 II~idr ;I certain i'anmte of contilngCncicWs. 'itut miane (poestioit

aH. Kahnn anid L Mann. Te-chahiqn't' a SYAtemls 'tari, Ilhe vAN!' Cor olalio)II,

* RM-1829 (DDC N,.,j~ AD 123',12), Detenhcm 3, i)H.
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Part I hrc

S PE AAL AS PECTS

In addition to the "elenmetstY ot atnalysis, There are a gfreat nlanyV other
imiportanit aspects, and we have selected some ot these for more diejaded
uliscnssion. This> ;elect01 Wionws sOmnewhat influenced hy thc willingness of
lctdurers to talk about at partticular subject, but, regardless of the topics selected
ais hecadings, anit Mcrapt. waýs matde to cover all the significeant ideas ahout
systems analysis. Indeed, one (if the re.al problinsn in the uriginal course was to

epthylcturr -nich nar their aubjeet:, the tendency wsfrec n
to try to give kinder his topic everything lie thought inmportant about analysis.

In many 111nil1.t11V atnalyscs, technological cniistdcrations arc tin:jor factors, in
determining tin' availahility of 'Alternatives. I he discovery of how trade-oils
maiy be arrangod between variouis performance parann'tel-N and hlow these affect
the reiai lonsiu;Iip iietw~xit and rik all imiportant fctof
analysis. Chaupletr ý deals with a number of technological COTISiderl-UiouiS thatt

are ilponr~ili hi atiy for dLeVelOpIeiilt dec~ision".
Inellla mney behivior and Ikrtant centrall role.

it k~ tot enmnigli lho say 'hat we !ntv~,! Ji-i'm(-iluor svb'wsaainst the mm

himsl)fc aiid tl(Wint HS agint a sptcilic enemy tatctic. 1,l0 achieve snebh a design, theI
anlzA:1ci II atm reflec the crieniv ability to chiange his nl'jectivc'; anid fi&rýos

ill respoimsC it, kclanites i~i air own. (latr10) raikves son-ie of* tlii pro'blenv of'.
tak ing en-emy eat abilities a.ind inteni' ~ns int ýin count in analy'sis,.

I mr p)io(lilcai (A military ilcei.,ioýn, Lind, in i aci. tom' sL;mc prohleushv of husiness

aind irindutiy, hchavior ir, conflict sitoatitons is i'xtrcrne)ly critical lintIi harid toI
a c.Althoui zh ~Mch behavior hais li'ru Aree n) oservedt and recorded, It is

difficuilt if) ak-trac-t. .'fveint iv. i'ainic ifleoV ij:, ;I- lf4 ..... in ýbt
dlircct ion.l It, dv0Catc1:, hnid that ilnany Of' the i IC111 qictl, described in 'fhapte r 1t ,

mjhe be. ii-yevd by ni,;ng the tormaijyr and results of th thor y toi aes
h-Ltr example. t hey feel thait the noti~ on f. "strategy*' bywpasses the iiiformalion
an~ki 'w h movesi first" dithculties, while file not ions of "mixed smtratgy' a nil

>dlutiuii.. fin' the_ gni: ,ig problemi
itYet gamic t ,Iicoýry, ;dlhmiuihit i Icptae.n esaiy aj~iplicd, hasi not yet

begun to handle really comphicatxud p'obicmns of the, husiness mtni numita rv ttrd
But there is -a pralc-i cl approiehic- one long kniown anid usedI by the mili tary <1

that of watr ¶,aming. Chapter ItI d"SCeusresC gaming and its companion. simutlation1
with partialilar elfl-milsi on thl me ,s resrc to.lsQ
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A mmi rnhi ot wears a no. RAsND carried OLut s)ys1,CMS anailYSeS ill WhiChl thle
objective was to (letermine, the bost conihination of suLch parameters as~ speed

aand range for o, coming goneration Of starategic mveapirns --. to I he iiearest ten
knots and trrrrdret mnites. toIaV. the uncertainties in deveC-llnpmniit lbeing What
fIlles-aN e we reafiZe 11h,11 suIch efforts art- riot likely to nmee with reat ;Lucce!;,
andit do not help vcry, mutch with lire 'enrai prohiem in dceonei l rOf

nrak ing the world more stahie with respect to iktsrireeitailfirs- 1"h!re
ind eates how systemis ana-lysis is its applicable to cquceýions; of" res ii c h ;Ind
develt pmet' :IaS it IS it. 01ther probleM Of choice!.

N1i lia rx' innIlvsNs ra noes lfrom scicnoirlic ttlc-ioiotmnilk im,, (d Ilhe

ann iriduiis[ial t% pe - hlvorisekepirie application s-- 1o decisions Inv'olving, capital
i:,lirs lt oi uýratriitesurrl iitr rt()s:hat hay r 'lceikiu Wil'hetrr weC
live Or (lie. The hioursekeeliin rol has beenl the rIros"t 1ruittul one for ;rrralssis.
III this context, ratirctniartic,, andt 1the im~ithicinaical techij l e'qlc- Wf .tea 0 urI;Ii0I
r-ýsearchll ave plry'ed a moust irirportarit pr.Chapter- t 3ýdiscusses thle reclationl

q1 .iiiat1herrratic.s ito ýxstenis ana1lysis aInd inldicaltc where it1 is; likelv ito he.
nilost riscliil1.
-' AlthOUgh ;I diSCscSonu of speC(fiie tCehlrrr~iiCs arId to~ls isý Lirt~lv omlitted front

Ihris Nvrk we have sinzled, olt lIýC crIup)ltA Mird ]IN UseC [0r a1 NsCeiA', W0od.
0110 (f thle ri0ý': sin; 11irtherr1artics has, lcu ahle it) tarck he cmtin large p~roblerls

quach it¾ mei Colt ii 1,11mm a.mi ColitOI Of 01 dern! Weirpi)1INs 'iV',lCrIni'. [s13% C ie H

mt:rtiirC, or 1teach1 air oljtrr'teicr lti rileI~ irtreccilreill task we ct11 (10

Itovll m wed ver dree10 W1i 1 he , N)r~ hsiIe k irec inl enorIci t detali, hit uairan perrh

v et c 5C1'Von mr o tv: h;p( trnt Int'",osI .!. IM*eIP

Y\ilhii ChIrpiri er rrSlilri(S lr s tcase fl the relex';trrt-C ofeost i ell ri
.11,%c aLind In ll r i Il r PI0lm o dlctisikor i. t dtcCS 111 (II I)~Y d110is rW to IYIr-1r

unLMerreali \s'alnes1.-til hC ost of ileris tha~t camiloit he. ptthrehid rri rte trr [c~tkt-

place. (ihrpter5rcsrttr mcert.cntr~. itr ar irtlirirt
F irtihly. huceari scystclri rr aIs Y-is deals, With u11itC'Ul 1110IthC111 ;Irrtise h1iCt kclv

uirdcvcoltcd i.-IINI- CtclrrYit Wtt i CU~I mear~ic tidyi ( lripterI 16 attc)Itrpr itm. poiirt

It et; h th :ri:1ri\ -J ;Md ti- 11.-21t1' rrr011 wx d n.c
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18(1, St:LA JA[ ASPH ' IS l.

Speed is simply the ratio of 'distance covered !o the time required to (to go,
that is

Distancce
Speed=

Time

Unrder somc conditions one desire,, high Speed.Li whereas Under other conditions
low Speed is preferred. C onsider, [or eXample)I. thle case where one wants to
cover a, large distance In a.specified length of. time, such as at space trip to a
distant planet, which is-to he accomplished itt a shiortnt nitner. of years. In this
instac, h ag dlistan&e Tog the requirement foe), high sled pvrev
if7 for a business trip Qe want tOVCovr a seiid (istancet, say from I os
Atngeles to London. in .!,short a time ats possible, this short time coquiremicnti
alSO itakes higit speedL desirable. Simoilarly. high speed is an objec:tive in the

hase to'~targvt in as short at response time as posgihfle.

J)n the otlier hand,. there are other sitUatiois (or missions, in military jargon)
whore one desires to cover otnly at smiall distance. ol somectimeis I-ot distance at
aill, Lind to remaini in a confined ipaice !'ko! a; 'lng perIu1d Of tille. I hUS certainl
reCCOnan ,itSSanee.C snrv~cillance,,Or patrol tuliSNMSions epiasiize long~er endurance in
aI relatively stationary a ttitdkle, SO that low speced rather than high sp~eed will

hcdcim*l. Itftllu thalUW thea oi lowicogC erf an aircuri ts speed Ceapaliilty. he

it high or low, dues' not etnable otne to decide whether it is goo0d OF hadl withou~t
knowing Ine ptirpose tor which the craft is- Io 1,e employed.

Havitng 01-I ti]dfine~d the purforiminec pa.oint 'ci spced. one mayl wonder nextd
whait the ply 4-:0 limitations '' f_!!SjlCc. areC. ! helower imit On ilc;l 15OhViottl;s;!

zero. Yet for this statcr~iint to u nicantagi ii, we oui-;cIn slice uirckniive to
SrOIIetlig llený le0 Us say) zero speed reclative to the earthý ]In fact the reader
hinmself is at this momentl pirobably ait zvro speed relative to tilie earth and
CXpeCrieriecs; rIt( (iffien~lty int IllaintailiT~g this stalte for a, longL pet1 1 ()( ot* timeI.

I lowever, onle 4cx eriences sorna. d :ilLIcuty -trying to rti:i rtmn ' speed ion the
ant ~ ~ ~ _ -ypcea oehih hv h ath, Tlhis Moight be ~ihvvcd theorctically

Witli a balloon Or other litonter thinnair .!cvicc,,, all of whic cLiate subjcct to wind
drift ais well as% limiitati~tis in pay'.i~ ICdcarrving :ahilitV, SO di it it is nlot always
easýy to Ill intatit Zerto sj1Cee. lIt) fact, .sonietirrales it 1is imosile oo ir a
to ohtaiii Lerk) sliced zlthuvc ltet eartlt', sutikic' toi a.-sciuti mi at tiriii(L

!nuwuverable muchine, such alk; al helC[l 0ote oUavr a- el a irpl ine.
H owever, uICh lreavier-thaP.air' mnahimtK mistJ exerl .t aot :it pjritc p ropulsive,
Cil'or1t to over-conic urvivt y, anid ftheOMCLIH cosq~etCoritttis1011 eOllrstt1116iOii ofIteLC
limiits their enidutrance.

Another type of devicel able to mainitain /,erq; speed reClative to the earth is
su'bject to neither tile wind dirift (It thle ballon1 nor t~he limited eiiduraiiee
dlrawback of the hl icopter;. this is' the so-cal led -2-f-hon r satellite whýich, wheti
iii icc:iQed into an eqi~aioti:,I orhiý [iaout thle earth. call maintain zero speedl
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relative to sonic point on the earth's surface. Yet this illustration is in a sense

deceptive bLcaufse of the very relative nature of speed. TChus, although the

24-hour sate~ite has zero speed once in orbit, a relatively high rocket speod of

somei 25 000 ft/see is, frequiried to transport this satellite from the sttrfkcc of
the earth int6 its equatorial orhit at an altitude Of about 23000 mniles. In other
words, such a satellite is at onec a high-speed device from a technical (propul-.
sion) point of view and a low-speed device from ani operationa (Iiin~
point of view.

Withiin the eontinws tif onr present kniowledge of the uiniverse, ithe upper

limit ori'speed is the speed of light, that is, the speed at which eiectqr mlamictic'
radiation is propagated through empty splice. Thei familiar value of the speed
of light. 196 000 mi/see, iihplies that a signal could he senit once around the

earth in) onle-eighth of one second. The next question of interest is -Can thisj

tiupper limit, the speed of light, ble obtained?2" The answer- is certainly "ycN'. -,Ci

-far as radiation iii a vacuum11 I"S con1cerned, tha!t i s, f :or the propagationl of a
signal. For a material body, however, such asasaepob rarce sh i p
the theory of relativity tells uIS that it is riot possible to reach the speed. of light

ho'caiise an infinite anok ot ofecnergy WO~Uld he required to accelerate the hody

- to he seedif tight Ouir interest shifts, thcrefore todtrmnnIhwcoslV
the speed of light can hte approached by such a rocket ship. As shown in

Vig. 9. l, the nmaximnnm speed which can he attained is determined primarily by

hOw muoch energy can he packed into and releaseod from a rocket !;hipl.I
-The, vertical axi- of Fig'. 9.1 represents the pert orianIce p~alameter we 11'r

exAaniuiing at thle moment, ihe burnout SpeedU of the rocket. The scale oil the

left is a iogntrith1 iei scale of thiý; burnout speed di viledI hv filu- peed of light.

'f11e highe-st valu-e, 1.0,. represents the speed of light,ý and the lowest value

shown, 1t0 5, is equivalent to' a burnou~t speed of about 10 10001 ft/s-cc. Th le
ýj ~vertical scale atn the right shows the ýbhsdlute values of hurnout sipeed expresseid-

in thousands of ft/sec. Also shmownu at the right arc ;omc specitic earth ind

space nmissiton~s which can he aichieved by rockets haiving tie speci~fied himur-

Qut speed. I-or example. tv pical iurneat-ageh; 11 Ii'dic wissiles, II 5t mi

*,nge reul~',I hniut'oLt \Tloeitv ot 1.5 o)11 i t/sce; earth satellites alppruxiiliatelv

25 000) ft/see:; vhicl S dt-isici'el, to esCUcap rmteerh (iiw iec

of 35 000 ft/seec; and[ A One-way space nmissionl to the imost u isit lit plamet, P1 mto,

r-iioýinoroximaltclv` S.Q ('t, ft /sec hiurmuout-ii vultocitv. A "lighitlyv higherhi In-

-. olit spu)i el is eqUlired to e-.-capic from the solar ,y,;1vl1 n cdilvcy Spee ds reqo lred

for sp-ic( travel to solar Siystemns other than our owil depend primarily (11.1 hrow

much tirime our hypothe'tical ipaece tr~aveller wants to ,pcmd A cvnpi h

upprrlostarrow on the. right shows th it ab~out t0.2 timeis the spccd of light

wmijud he i-re u ir,'d it ofle desired to reach thc nearest star, Alpha Jent~auri, ini

'I30 years or about the Useful half-life of a mian.
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tinleS grdater than Ithat released by ordinjll Cemicalk Ii ictions. Such wi the

rclalti~eloy pu,.iCli i sl iriIti c~ii[Cctioti Jlov\j' a' pen the le~ft Orlt (fIt hw

hori/.onital Scale of F ig. 9. 1. 1 ho \crt ic~d arrow labeled iH 1, H -pi- seq s hc
ilheorctical ener-N, rcleas- fronm I cklass ol i prLII C11 -inid I actions bet v"Nkecu

anISIIH abeICacco CIs si ich as, atom k~ h\ y"CI r (Y1e 1. Litill ,1111 IN ino flractical

tech niqlUe known\YI for Thi w i nt 1_I ' 01:Ce~ tlm ';C 116laisl ~i ciecilts, so 1 flat
the potenltial Of iie : hC -i - I r lal lrr '1 u

to Come.
Inths~oI¶I~lt~1 hold hlo benwitnioicl flbit tile oergv' rt~e;I J

I -o hisiioil alildl u (11510 :cat u I V(-, I lcolkI-1ii fu. - in nh, (IL I

!)-(I[ lilnt Npjou1ds inldic~ltc&1 -v bY te curves :Ire iihta 1bk-li oll15 b.' 10 t) ; ICIcentU

ctliclellt Cil'iiiIof -thec iiticlceir cncrizy to kirictic encrigy Ai tic 3 iu-tirA

requIre7 heaIrbnsieMfr to a "o-rkio- flnl iii avn yev relalixetd l-w _ iliiic.,1y (it

neriera c(Inversi till, .o thlat thie" -11saht I VIi"IF loi oh~ csii kecifh e~els

thalt of tlic ordHiiuavceiiia ClC eaC ;ction by ;I t'ietoi of ! 00t [-:atl!c' 1hl!'1 theL

tihcoretieii 0ato of I o 111ne 1 1million 011ete F ni-i ') . I.

Sex'erai railtur hi (lad Wat i 11110clieclii' teli logiell Capnhiliti16,--S can1

be deduiced hI I oIIIUCneICIli/C.I Mto JI X,~l I !W sliosv InI i-.I

I eI it it WVl'I.(, 10sl~l to Iitli/c O lk iiot, lpoten~t ie-Mctjln knloWnl (11usJion)

%xv l ti 0 per I.(I cl l;l 5 cii l I, I ir sabhle v~olli ilo( lower 01:i111

Sif' 'tiii Ivilscratct\' ellieýiciit nluciusl ti1n CO~lyfitelso M (IfIiLCle~rI

CInergy have becenIvl~Iel Howcvcr, (itaieccS iio heavenlly lodic" oI)III)(L.
our solar ~~~~~~,vs~t-til are so li~eI~/ta the recluiicolent fl okt i

c~lleunty ighfticl*wcigh t [0 gMINIsssWOin ratio WOUld probabV -Uly eder itI
Hot I-:,lli'J 01 I ltilt ZI I AIiuid i I ill to' even the riii rcsf stai lin a man' litetii ic .1c~ikow,;ýI ,villk

'A Ii I Add I: *.)"c\ t bu h t inoIt hoV ii.

iiiIi tiii - () i I ull* c jIiiill III VI W. I-i' 9 slows hiowx .

kI (I IlIla ic 1 1,1 tainiiiuii [All1-1,i I I II Nil tI; Iloidi ýpl
t 

1 1'. [if i is- I ' l IIdil %. dct

twoe otiiel peir;l~imi-crs vfhIeI Nyc ilwjhi (:iil Silltc 0I 1 Ihl:tt partIVnlets'rs ilese,

Ule e k iie VT'dIci I() glx-I'iIl~l ratio hIil! OIi- cnll~ %x rlcaV`'. oliVsd'illll

%-I I il I 11 ; iiitw t~ lit ill At ým liIlIc II]I flit od pa1 J,~ ;1, i I, i o i e 1w

icehulliiluj IS ilJttalic i k2I ItiIti2 cItai , SiiiStll.d',M t inkcii i \t-dt ýIll. ()Ia Y

-ihesc re t'i l' i l alc I;sIhll i lI' t lice nti.ietill. *



structuraI-wciglir to fulC-weighlt ratio, corresponding" to a 11uaxitoarn sitt fuelC-I

-weight to gross-weight. ratio. As sh'own by Fig. 9, 1, tire pIM tolI ltli Jimc parlmter

plots very beatitifully as asmiooth ffIrnction of the two stiate-of-tlvd-;ut parain-
Ceters. It does not follow, however, that one could plot1 With equal facility the I
burnout speed versus 6ththr the calendar timie at which it mlight he achieved or
the dollar cost required to deCVelop the fIreCS Sary' technlogx<10 -1-1C Cstlltin)-t1Jio t (1,
time and costL r IuQLired for research arid (levCe)lopriiet mu1Lst hec hasied (ir a

detailed cxaniination of thc I undaInientalI k nowlet h.e of such l imitinge faictors ais
high-temperature materials, methods of prudtICIiig tuCI, aIS Well !aS 'the faIcilities
and manpower required to. prodaice neccessary rescarch inforn-ation, fabric~ation
techniques.- etc. As is pointed Out ;I,. Chapter l 2, stich chiab, 're L ill lcum ti.o

make and, when looked at in retrospectY, hadve twit eraliYM tied out io he
inaccura'te.

... 3, SI A I k-0i-1I-M tiP siiARAMETiERS

In thlr lower left eorner of Fig. 9.1 is ain atlxi -aV .. scale labeled 'seii
impulIse". Spvuei ic i mlpti sc. mUin azred in set:o nds, is, defl d ýis thle uaIIIIN1 h .It
seconds for which 0one p)ound Of propeHl hit Call pro)Uý lac' oePound of t hrust-
As shown, there- exists a one-fo one relationship between tire energN-rclcasc e
parameuter anid spCcitiQ Irnpulse, wil rich is tht, conventional waiy oi cxI tessifle

the state of the art of rockukt perforri talnc. We Will cmi sinuc lV. piten I iou to whatI
Cani he achieved! with chemical prispellaits arid will ex'rss''- !I i-nure tielli thw

-,j" Al

Itt

i~ig. 9.2 Rnicktt petfoisnane
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lower Jeff- portion of' Fig, 9.1. Fr his puilrfmse hlt us coiisiile Hn 11 2 ini which
0M. Salonp!1 117 lw0it i I111C ai ianara 1etc r. burnout speedCL of' [Il ce K i is Sn Iw 1 0

horizontal linear scale.

The ordinlat, 01f Fig. 9.2 recpresents the ratio o(it', iss weight to piilyloakl of a1
rocket. Consider Cti-t the let-irmost solid curve whiuch rersns:i f~iliiilv of
si ogle-stage rockets all of which ali:cdsge to theý s-am'e ',Ulf Of the aWt. aill
a irc cliajracteri iced by a specij itic L1S (pit' 2-40 sec. Hiis specific ill poise iS

reliesuni~t/ti.e of car-rent lkiquid rocKot-us intig h',¾ro-i'ihio bIi olis and I iqliis

oxygen as nx idizcr. Thi a Sc~l\( cpo1rýl-ui the, tritl o!" or cxc ,ioC raIo tla! tk
*inhercnt in a Bukd 1;tate of the amt '[hjs, if till hurioinot sneecd is to, be increased,

* a iggerivicoect is requil-ed tM uivcIvraN v give paivloaii to tliespcItd)1101i

* speed, C'onversilv, if tihe rocket gronis eleh ivihed IiIetld. tihy p"Amld "s loch
*Canl he tC~'CdieraI0.d to the', `01lrnontl speed( deeCCCass a S t~ii,' btllrlOLIt NIWLced is

IiljCrQ'tCtie. Note also tile limlitilit llaxil 'W111th but.1'116oot spe Iitl~tf I ti

ftI /scc denoted lIn the dahedin vertical linei. I his presn"N A-e Iii:ixiniiiila Sleet

Wil! Cii. bi:rild. jI~ .,n,Ic..v .erinv~ct ot this .attc of he artd. thit iS.

a !lieCjjitIAY iplsiof ?.10I wcr no 'lattc 'ito haip, the rwokt or how small tie
fnylo l\10-( . Thk: Noctil mitLInvI liw veciutC ci nioili of ill-

crealsing tile ;Ipcilic i11tripkoi of the riekvi hiiin h4t to ;00~ wic. *I hil \'ahie 01"

tile fi-fehilti-,M state of tlei" r istvtiel n of ii'i '',0n Py l 1K rlviii-'t:iA lilhli

ilitions. such as hvlra/i'jn fuIL' aind 111111ll ii i disii/i r. -1ll' 'it, i tililit sit' Ill

3()( ciurve i, fliii ,;inic :!, lhalt (t 1110' It 11) CIII'VC! 11,AWVLer. Jie ad.li

m. 11o"iAa i! (i thie;Ili J Li ii l lit ill, ps et'l Ill hC i sI i.

1t i mtees inC L'Sbl III 1`101e tuu L t W :0 let ml1 slu t-. 8.11 ti A 1", M le. ti n he :ii 1s i

Cieli i k ,t hi~ll ilttI l it Ala l ii 10 ls ii ii ill l i IIt 18 1 j K ediatt OfIlW ;1 o ft

Lnptof ,tiq~inii_ I lie Hhtuit prnil 1iil cli/ i it s

tt Os11- to Jetti-6 n am1' pliece o)I h1adwi tL v ll 7 hich Ii 1" r w veil, it"Ii il tch

in ii eitjtv- Ind tnill oir a rwlofitiii~i5ii~ ti iit iii) hlilitl tlcdedi ;it

('tvsiti-I ii liII i'Iiiitit '1cc the' ' lt If I~ii I t ic lia I~ ~I I

I liii l itnou1hi i s:11il tt u It I : itol.1 i ke [ i llii

116Ills liii itl, ,tiCeLd ;iki dI ci' sipe lut ' il h,. voti x * : 1 I1*

oiIpeLaTtl tankdrs. und p-riiputtaint . IsIsl ihiu d1' . 4!lhsl V i i~

vatite of 0.'()I Ii it,, call s shown ii i l 11 91.

A



Simlaly.FV,01 o Ciieca aldd 1n10k' antd 1more stallýCs.' b)t L b dloing SO, 'the coFple JXity
of thle rocket:' will be inciercasd considerablyE. -1he lowest carve it) Fig. 9.2.,
la--1bele d "Imn;iv sge$,represents, thme I ili~ng ;,omae hchcn

aIchieVe~d by esploit'ing [lie SUtajiýii principle when [ilie piopllIm111.1, slate of the
art hasýa fiXed valueI for the spet lie inpail se of 300 see.

(Thie aIdditional I e~triC~ Of Fig L 2 s wrhofotei., Ibi s the itact Ihat the
omlu;Iatc cm thle ratio at irkos Welili '. plodsotathpriclretOf

enIVC eSshownl can he ISed d irectlV to detemm~iIL iII me Oý1 thIn s'1011 'bIn riac1:ket-
designed lo e:air% vairhio i)I facids llt sita iln whichi gi oss weig'ht is

sxstiii lbimm~~'ijtileof the- nse i~i iýile ts o depends I on time ime of s~nlkilied

peI)CI ile ad State Of 11he arn Nisiii I lý in6 tis eianl o bl.1imoii.t speedi
anid specific iipmhilsC. lIhe sautew p ivii.ple ýipplies. for e-X:!i4mplke. III airpklimslivig
thrFolghI t11e i10slii. true-ks, cin ig'hwm\s, fieuuzLi trains. smmbmalirines, and
stirface Ships. For thewe tI;ianspor iti1On :A siins lot of1 OrOSS Weighlt vei-sis L1~

patiylaildI is l)IYOipr miaely it strajuif~ iIC mae 'A '111) hose1 I slp dpi ils ol1 he perF1Oiaiie IjIILj.
amid sta te of Hthe a1- Coll('ouisointlv, the tcrti nea keT o'i freqinieIttV [lISv

io decrib un ii l( itioniship- betss('ee t"wo siZiantitieS WlhiCl difr t iiia I-10I)OF
tjimnul nlo mvic another. Alime V~iea ti&e miisoftmstmueif aimnotrI

seafuume laws, antI tiieii applical iiiiis ire moiisiil'red below

""if inm laws. mid ilc h a; heiraiio, ¾iro. coi pla ointed hCOnlo W.2;riI

Ii e tliii:h_ Ling, v ci en-ch ih-- ii Jiii Ii -S ;I iii ifs is Ji I 1', I aly f r iic -s In

p l i a i e~ i . s mc i l i l I i s pi i cipifim j I i st l i flc i t t e d sitlik i I I rI ;
ssh~ve lie ;iials'5tansI c-isids pillv v1,rjabls Ill case sliere au;Iyci

"snows 01Ma the OWAIIteii Of the stloe' iý slctcrnmmiield prilmIl'itlv I., t:c dom111[inan
eilect,; III at -:1iill ITIIbV im i k It~w e )I;ilt %can ;'ilil l I ef

',:illly ftl;Itivohv op.io, riiilw

p;.Il:u tlo l; 1 !: p wI I t ilt' amyaI il ti m 5.ie m kit nIttlilllmll , -s ie

Il\e laf it lmvi (tie eIli11iiiiiii il a itimis filt'lb c i A i co lflk istui Il(1tl1 11iiiip1i;c 1

V VCi i s ; h m i l l o f M A Pi n m m ii i t i sC0 t t h1 1 1 1i ti ~ l l p l o bii l i i t ', I le Pu i m l a tii i dif .C i Ilii i i ilct i I .

dclividion~~~~~~~~~~~~~~ ofI.10111;I 1 i.ýoliirtepol~l 1 oli1111ct(L

I tI 1 IHIC 1" 1(lu TI "Ch --T 1:1IC: f! ).-i I 1 11,
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thisiit.dt:Ior Il1)~ l d ts, I lCil7Wo lI ' i al alld'IIiiN Higs lhelg thcrt.

r;atiat) IinfiiL tO heria wax-i :1 c. m bu. fiiiml ai7t t ( I) triS Cti~i a

VtcU1e 1 tl lSiitiii II ff ii~ijele ;It le tht'tituwii I71 thieevig S IICI-CI.C d (ao)

uiiuht sild powe tilet t 1'ie ;,; li iifl l diIf peallc I O r a o~vll , the W ae .L(Ilu.- r Ot L pwhch i

Thmis e t)c imm -Ct IOI . 1 )11C CMtht) at it is w'wohtda1III
1 r40 ciwihtid le puwer i 7,ui'c t co. I 11- L AIiC Ir't 11 01[h()) 400 0 m .
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from the earth, we find that thc required power increaise is a millionfold becauseS
tOw disttance has beeni incremsed by i f;ictnr o~f 1 (100i

Next consider the radar problem. which can be thought of as a two-way
communications problem. In the raa applct r~' i.93)tercic
on (lie second space vehicle is rpl&.cud by the rel~ecting (or echo) arca of the

space vehicle ifself, or any other radlar target. This reflecting area in generalI
does not act like a plane mirror whichi reflects energy precisely in the direction
from which it was received, lumt acts more like a transitsitter which re-radiates
a fraction of the rccoived eniergy in all* directions. If a is the reflqcted fraction
of the power received at the rad ar target, whose area is At, alid 4A1, is: the
effective area of the radar recei-vcr which is located close to tho , radar trans-
mitter, then the power P2 receive`d by the. radar antennia is given by 1 :. (2),

which is entirely analogous to Eq. (1):

P2 (uIP 1 ) 2r

The factor A21-2r-r2 
is 1!ýinmnlyl the. ratio rof th c ari'at of the tr:nsmin ittr to the

urea of the hemnisphet ica d srf .eC over wVhich the reflected signial has Kimn
assume11d to spread miit. fly si ihstitotingtl fOr'" Pi, ill l Lq. (2). its va tie fiotil E-q. (M.

weobtain; th.,u ieD owet

;I 'qoaiahn (1 is n 6orm of the familiar- radar equation which stales that for a

fixed transmitter power, target eCho1 areal, and receiver antenina area [ithe received
signal is inversely proportional to t11e fourth power o! the di'4tancc hetween~r thre
)-adar targect and the, transmitter. ( oiroersely. to 'recei~ve, a raidar echo (if specified
strength P.- the transmitter power mu11LSt be made (lileel'Ay prop~ortiona;.l -!I() thu
fourth pwroth earationpd~tner ExtendingnwOrpeiu xmi

fi'om one- way to~ two-way cownrat-iatatl(' w- We i ta thof f lie: p~n'w'.r iji rdt
trak t he monrce)oldh~f ,r 'one Ohoustiv.Fd bill ion 'hilies that ".orI

trackingu with 'the samne size antenna thie caithl satullite it, its' 2,0-111, 'orbi.I]i
n1ot suIrprisingý, there-fore. that it tui s ou~o be.Lv()ige ht 'II,'u j-Cl. ( ipplv spaceI
ships Witt] lbatiesors OF ute1 c~thr power source m) ttiat,';tlý:.' cani have a bcocc'ii

Which can be used for trackin~g. .Wlicit iii-, provi-ion ik; made, the., quadratic
scaling 1law o)f oaiCj-\waV COMM1lltlCA1ti1l ;ljplit2', a1nd thic tracking. problemil isý

tie ilitawld eiptmuiiilv.J.

Aliotlicr !ieldl (A tcchiliiloev' ill Which sealinig lawv, ark:LWIH usefols tifloved

concerns the eirects oif miiclear or chem ical ex plosions. I hre ig filit, ericigN

releal;e be 'thce x plus ion is pron'aurated atway fronti the point of'Jloriation ajlong
s;pherical wavie fronts; hence. in liey. _ G.a the tran1-,nhittQ!r Carl he repla'ced by the

esiodI:rig bombl at the center nf the sphecres. If, to bhe specific. we---~i----- e
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blast ef.-ects-produced by such spherical shock wav 'es, then it turns out that the
yield of the-explosion required to produce a specified overpressure at some
distance r froiti dhe center of thc cxnlo'sion is proportional to the volume of air
contained within the spherical shell. pii'asing through that point. This is equitva-
len't t6 stating that the requ ired yield is proportional to the Cuhe of the radius.
Conversely, if we think of this radial separation distance as recpresenting the
leth~al radius against some type Of structureC for which the specified overpressure
produces destructive damage. then it will be seen that the lethal radius is
directly proportional to~the one-third power, or cuhe root,. Of Yield.

A imiutbcr of other properties characteristic of airburst nuclear weapons alSO
W.1 wo%.ith -t hý nno--thircl power iwtf thv yield. These include the time of arrival ofI

the shock-, the duration of the positive preSSure1' poise 1.4 OV-- shock wave, and the
total imlpulse iromprted 'by the shock wave to a siructure. 'rhe one-third powerI

scli Ig, law also applies to soiihc of the efc~tsj Of 'sUrface bursts. For instance,
the diameter of the crater dug by a surface explosfion also is proportional to the

onethd power of the yield of the explosion. However, not 'alll Droper-ties of3
mni~dcar explosions scale with the one-third power of the yield. For exanmple,
the depth of the crater Of a sur~face burst 1,Scales inre narly with the one-tou~rth

po'w'r of the yield. Fui thei-nori, certain) aUpetS Of the therm11al etleCtS Of nuclear
explosion:;ý scale more nearly with drhe one-IUni l)Iow(i Hil q~uidre root of the
yield. TIhese inl)Cude thle MaXii'11ium1 thermal power emitted by the explosion andI
the time at which it occurs.

Sv~ilin,' laiws such ais thiose mentioned oboveýare particularly 1IMeful iin nIucearj

weaponl tcsti ng and thle alssociatoed reduti, ntue f tcs! (I ala w hicht irc both
'oi t 0 1 Ld p n ve o ra i n . se o f' th ese s ealin g L 5 p eriim its th e

appl ication (,) weapon ettects d~ata taken from- thle test of a Nveapwt (i ttiu a cdt idc h e~;ta ~iuho enot;ndt nt

explosion of a weapon I.Cl sinliia nAtu~re hut a, dilierenl t ield, B rtlleriflnre,

these scaling laws can he useO to/p~redict thle effects (if ex~plosion at distances

eidetit 011i1 Such seatiing laws permit IIIdu bes~usn ouoth~u&'iinna

anQ analytical efforts in those tields of techinology wherctey lb ppi~jl
-bI re arc. of course-, ijiouit~t tions to the irefiilnu'ss ao iud Cellracy oft such sealiiig
lav-sý. Stwie cMf thcsc are illustrated in thu. fil low i 4 lieiva'

9.5.- Oo rIN4A AND ('ONSiRAINYS)

TO i1L11IaC Cc i~taO 1.1m1iumtons o~f 'S0hnýh,1 t -- '.1t`o 1it iL on

featuires Of SUhIoptilllization Which freCquently arise in arri sing zat" , I-uIll--LI[

designs"' of aircraft, let uis turn to ain exainplc dr:Awn from1 a dtesign anid cost
stuidy oft subsonic. h~irhojet-powercd cargo aircraft. The- resiults nt interest to usi,

for illustrative pur :posefs, Fre contained in F-ig. 9.4. Consider, for the present,
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I in. 9.4)L ptin-i- i to 1 uw i'[ e m ic' c1('ns o lnk k-illl ) C),

tiyhata Wild oi 1 hecltac 5ipid hour.e mp4 . thlu' pay ofii' 11 icl( point alon] tI/ lipel

cimigus ~ ~ ~ ~ ~ ~ ~ tii of11 ijt' crwitt-id ilcCIted K
c _rv rersents aw w j ýlelt Lc rliiiin cvl. .wh~ch rs desi cd to cathe 2a ((Ott 1li o

'iiai o 1toa Li-range ol 3>0II' lor 2 at )( lic de~ivI'i1 cr11 d isi(i-I'l o

l eeds, hut for the sarCI rang ofL350(ul disi nil, e xcintcal scaling lawcicr ''cnsost

opeating sostem dof thse apit rf. Sne[lie gictiil sindex of the e- A.u'e trwhoichll
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okne ton of, payload for one 1111ie, (Itic might, expect this cost to lie thc same
whether that tont of payload is carried in ain airplane designed to carry 25 000 it)
of payload or in one decsigi red for so o (it) l. rhe reanson this is not so is eviler~tl
4iroin the data in Tahlc .9,1.

Uhaiuratilsfics of alirnlanes with decsign cruising speed equal to 350 kni

Design paiyloaid (Iross weight C rs~eih/ (ost iiidtx
(100( It,) Io(1,0 1Ib) 1)c:ign1 pay,'.loa (cents/ ton, n mi)

25 150 6.0 7.1j

0it 0 505M 250 5.0 1.

'I'Iiis tabl~te gives elhtrrttcti iicOf three aircraft, which halve decsign payloadls
of2 1)000. 50)1000, and 100) t000 lb. 'The third..coluliirn Oft lijit'IrS indicatesN that

the ratio of airplane gross weight to payloaid is ,ix to onec for the tiilj
iaircr aft. and five t one for the two Ige 0ooeS. [h reaso I ir thi cll'ec ir

that all airplanes have xertainl Common elcnierits. sItch its crewV Conh1~iscli ieri,

)li41i:c cq ip en, et.. wich *..;. ,i'hrln(;;......lf

VoIlum1e Of the mle airp[lanes than of thc klarger ones,. lIn ur,, examlple. this
eff'ect b~ecomnes negl igible for airiplanes' larger tli;mt "M) (1111 lr so thalt !lo air-

d larger thanI tibS, Ith Ii~lna eai i,L,kW betwee 'ross wet,()I

ilppliest (11111 ite CI ; ietiitel v. TieC la1st C01tit 1i n t inlall 9. I1 lo ii initihr
cLlec~t is takinlg place Withi reCspect tohthe []Iit cost (edlits too 1 no) oI thesek
aircraft. 'lhe- exp,1lanation is alo s1111ini i C~lkclcetin 'lixed" co't i~iems S11l1

ats crew payI '111d1 aloaeC 'i it. n oenan'~r Ost itemsI
g~on~stititte at large&r fraction of trithl cost for the smawller aireridlt titan for. the

*latrger otnes.

I ie ul,serveil PIleet Of reCduItion1 Ill Unit. cWsts 'Wit II Cincraing payl~oad of tin
trtinspoit vehicle occurs very ft eqtien tly ji ri1 ithe a i~ly'sis (A trans~po n ;s c1 5

at leasýt a;1' this Particuilar levcl I tnoinr/iilt It ntis be kept ill moindt

that w11eInaircrafti eii;lracterislite, much a tlicst:iiL emirihm.d t %tI i w ithtr Jitartc-

te~Lý 0_ti 1 ofl_ý the L41 cat Lk ,Lrote troctoi, 0t. the er'oittbt to1ý) b0 I) onekF. thenl t11L'

,niailer licet site astrite ith !he larerc 'iiipll pirn rly leadl I(o greater(, dhh-

L lkiriti of seriieduil it llg. ol anl chieflititor %s hk~ui i i w inrrIA t isý eairisin',. on tne
-ivcratgc, constuerabiy e itani ii-, d-ignr'' !t ,hnrIdd 1,, tloted tha011t.I coit-l

itdtatý'i shown in 1ig. 11)4 duics riot acCLruirt lot tis lice it 1 is 'aset 0Hi t11k irriplicit,

a~s~mpionthtL 'All airplanes- iire carrying their fuill desiii vload.

The ret~tsotl for the tippearaimce (f -atitttrllmilill Cost lttri a pai ticlar I r'll tailyl
it cltss cit aircraft has been pointedl out betIOre. 11) aWltunt it(1urldI' rbsr'r

triaL thiS MiuliIrrrrII-on1 Qt1r 0C C9,rVC is quirtc "11t'1 in- tlirees tht'it aill airirhlitire



designed for. a cruising speedI lx~tWeen 300 and 430. kil have cost Inrdexes whichl
lie within 1 0 per cent of the mn u value. fhurs, onl the hasis of 0.bese factors
C0rrisideredL e'xpliCitly inl thle ciyni.tructioni of Fig. 9.4, a vafiition in design and
cruising, speed )y as mluch as one-third froril thle theoretical optimumlil value
Illoduces such s -all chang~es onl the calculated cost index tht h hico

design crunising speed would probahbly he niadle on the hisis of factors, b yolld
the scope of ['his particular analysis, since extrancous factors generally exert a
greater intlienco onl a cost index thwn tho speedi variations shlown here.

The flatness of tho-,- curves in l 1iv region of the-ir mInimuml11 is by r-1o illearis

iinii1Snal. Ini fact, exhlericnce alt RANI) hals led to tile helief that the flatness, of
Such clnve-ýs, whlich defliC ni anOptimum11 in a iteehnic-il or econor caapiation,

i thle gencita-l ruile. 'R hUS, \Vheiuver aI very sharp niiixi ni um or min inmrumn ppea rsI
in at curve of' this -or- tthe mia lyst Ahould regard it. with con-id r ddio susnic iln.
[he' i appearanlce of' a sharp1 uptimiinim genqerajlly iiiplitos ahnt si artificial

cL)nSti :unlt IaS been iiitroitnckd somewhere- inl thle uiulvsis frequently, inl-
a1dvs'rtenltv,-s- Ihal not ajll signoificant factors inthe dec Isign of a hardwvareI

svtrlo tOp~aien101 aibe properly 'I 1 idyd .Flq~l~,Cuusc,0I-C

"li ch artificial ConstAra ii T1. mut Ic.ý introduced in-ten~tiontl1Y. heccause thley, irc
part of' tile ical Will Id Which theC anaIY-isJ tries-to approsi mnate. We shall illUstrateI

l;cmpuiiiit. iilioIh sollid e'1,urvc ieplrcseuts 'In ;trilpaiic whlich kditfers t'irni
its, iciglhbur laith NN-11h 11espect to cruising Spceet andr grossý v.'cigli his IImplies

Ihlat the suze aril>'1 or numbe-r tit enigine; iequiired also change along eitheri o~f
Haedd uvs Ini particulair. lie dilttckl cireles tiit those airplanes Wic

could he nuwcred h~v tour 1w huiet .::iue f In it0t-Ilh raIted thrust" ecWh. Thu

iluilttel triaingl" eslcmfeo large-r mat/or laster aiiiplanes, Which Could be JliWeC!d'

by tmiu( lj-s . I ~(Ut)l iliirsim audic Ab Il'rki LArveS idct
\'arotl po~ihc arplneswhich could bu poweredA fy each of thle gn ye

ind iCAte. Alneither of these (.LrVC;, thle o~tal enigine tlln uist ful'Minls const~ani
an ccnn~~Cl~ thc design pay loa'd diecrease-, ais dill-s iii grs weigli , whent

thic ciLthisirig Ilec is incrCaSed. ~uNl'C ciiL tk'CillON-.c cii ,ar circ

StgeCper thanl the solid one~s heear is of tho viore severe. requirement. that eilgille

thrust lie kept conii, Lit asý the 'ýI)Cdi icidcd I et U-, c:Xamriic whatii the

to illustrate;II anl estrel'iII: ias'c clv,ir J ilic irypothlieticl sinliratni VVireu. it

dcs;igi rer:(rirnicmeirt hasheciL is. lid liiir Win 4' engine aircralt. which IS 1i av
design rZonge -i (14 t n min andl -dusign, tpalirat of 125 (l)()) Iii- 5 UPUJSCý ý1
litirnnrthat, onily (Iin, tvpr pt n'n'igm xvl hw'avitahklor !int(i [Hti, perý,iod

for, which it IS reqUired. and ti~i this rakppers ti he :m erigru of. I 5ig(
thru-Lst. Under these mififmntante ciiosiu ch.u li~lLsiteiiiiC i

tit es~gji i hIe airplane represenrte-d by thet Ar iai gl iii the upper right i-ofinr of
VIig. 9.4. Th~is airplane has the high cost. indrex o)f eleven ceiits per ton n mio,
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hecause the usc of this relatively large engine with the relatively jSniall airplane
resuLlts in a design speed which is much higher than necessary [ot economical

operation. LIf, however, the payload specification had been stated nmore flexibly,
such as "the design payload is to be onl theý order of 20 000 to 50 000 Ib", the
designer would be able to comec up with an aircraft more nearly like, the lower
triangle, which has a cost index nearly half that of the upper triangle, and at a

reduction in design cruising speed of less than 20 per cent. Thernoral of thisI
1ISLIustr 11A Iun disht whftreVer possible, design requirements shy.11i -b e staicd inl

as S texible. a. fashion as possible so that a hardware designer can exploit the
numbher' of tr~ade-oils available to him to the best ultimate advantage of h
customner; particularly in common situations where unavoidable practiecal con-

straints, like engine availability, severely "curtail the number of trade-offs which
al& possible.

9.6;I REIJABU ITY (IiNSI)ERA'IIONS

Farlier wt. defined a performnanice piarameter 'as. a uuantity which describes

the tapability of a particular hardware itemn. Perhaps it would he wise io tiiiodify

the last phrase to read "the capability of the item it all its components function
properl"'. If onef or mrore components of an niiernft or a mnis-sile, for example,I
dto not peiffortm1 properly or fail altogethe.,r, thtn perforniian.UieC may hn egraded~

considerably below thei valuesi we discussed earlier. 1)isastro)ds consequences

may even en'sue. Rehiabi'il, an:Alysis concern!: iýýscll Principally With two aspecisI
of tic rohen'. (I) trying to estimiate the probability 4f fatilures of this sort,
ad()trying to intloune:c hardware design and operation so as'to reduce the

probability, of component or system failute, or ait least to reduce the severity

of the consequences should failute occ;u i;. i icrz A: L 11. al LF ; I~ f h
problems encountered. and 1)" iociptcý invclt'Ve' in such lnnihysis by corisideringI
the hazards cf vertical ascont and transitioin to horirontal flight of a inultiengine

vertic al talvnfl :iireraft.

-' Fimire 9.5 shows schernatica-iy the a,'ý a c anavlyedt. Thsv-r
aircraft rises vertically by nwujrs 'i~f the thiJist exerted Dy several vertically

mounted jet engines, their iitbr rh rhitiary a it this p'dnit. Alter the11

aircraft ascends; to a height S~fi~tlient tot- terraiin clearance, noise considerat~ons,
Mt'_, the thrust vecror is inclined toward the a Kotlujd th,- airplane mnak;-;

& raddl~a tranrsition to normial forwVard flight., Connsitler nwtheý eonseqU.1!eei:S
ioý the failure ot -onz- jet e9,,ine, as a function of the altitude at which loss Af
thrust occurs. ,.11 an) cnginQ Nlhould. fail during the r;n-i.eriod while the

.drpane is still on tile ground, the remaining engines can. of course, be litruced

fej' C.Vithilrdaiag to thei airpla~ne or harm to its crew.. If this is acoriu~at
airplane employed diuring wartime, anl aborted mission may, 'of course, hi a

very undesirable event, It eznwee failure; occurs -after the aircraft has liftcq, Ila t

* a few feet off the ground, the a~irplane strikes the ground noVoi or less hard, but
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casecs nio engine failures at Mll will occur aind that ti ig aircraft mankes a miccessfili
transition and carries out, its mlission as planned.L

The p~robability with which each of these p)OSSible. ou~tcomeIs Will occuir
depends. (of cour~se, on a number of factors. These ;inclu~de the, inherent reCliability
of each engi-ne, that is, the probabhility thh~t any one' engine will fail during the
ascent mlaneuver; '01c nunib11er of enigines installed in thle air-plane; ind t he
nature of the 'trajectory Used for ascent andit riiisitioil. Figure 9.6 shows

quititlitativel), fo lu'AV -i-e-s the out1COMC of sutch aI calculation The.

horiz~ontal scale indicatesi the nnLmbcr of engines insta11Le iii the airicraft. The
vertical bean tih mi~c scoam irldiCatCS theC probabifiP' With whiM2l vriVuAS Cven~t';U
depicted 1)) tlie cuve are expected to occur Al rif -b data hown ini this
figure aIre based onl th'e arbitrary assi-ii-ption that the pi obhaillity that ayo~
cni.ivic will fail at !sonl tini c during'te O aSeenlt and tranISition aeiyrl

per cent (pQ .)11
A s shown by thle upper curye. the probabillitv ofiihaorting, thdic issinol

increasesN with the number of enigines from I per cent upward because theI
mlore ,enlgines there are the greater tile ti kI ability tha1t at lea'st one( Will f~ilit

11"ICOc, if the avoidance of aboiid tenissions were the chief and soltt require-

iilent, al single-enigined aircraft wouild be preferred.I
nII a mm~id _lc,. u

1  .~ahil~ X/ - 4 4I:IuiilIirln the [oI
aISCU1i1 t and Ira nsition mneunLver ,depends on1 t he t-number of enlgincs. f1 owcver,
lor any nimiiuhe of1 inistalled enigines; this probability is aiwayr slightlylesta

lthe probablhity of alertingl, tý o1:":-:';(ion lecause i'ugC i 1:1lorc mu on inl white

the aiui caft isý still on the, g-roumd or at ai f w fret o~f ailtit tfne .t ov~cvpr whnc
the numTber Ot enigineus getS hlarge, say oil the lird I' -of I o oe1
one. engine will rnot ho serious since it-, thrusl is such a simall fractioni of ihle

total thottb fli jir raift eali negoti-tic ;I flanding with a very low sinking. slieed.
It However,~'i fnt laqu~ unumbers of engines th~e pruhbaility' of' iamac ing the:

ail rcraft dtoes not drop to zero, but to soinc low finite le el whichl repre.senits the
I. rob Ih-ility th It. two engines may fail muidereuci huimislanecs, which will result in

dkimiag-e to, thec airplane. As shown by the lower i ighi portion oif the-. iddle. *
cin''te this potab~iility otL daintagitig the aiirplaiie due to faLilu.re of t\J'o enginecs

F tloeih ':1o~ - uitlici Increase in tho nninher- tit engineý..
ic lowest ourve in Fig. 9.6, 'dc~finirig the probaibility of ilijnrii tilte cre-w,

P i s similar iI tiafture to that for damiagc (if Lhc- aiplanec, a; jn';t dHe~sel-ow~-
ovi. , lIhe probability of injuring the cer v7 always less than that (if (ImmIa'vilIL!i

ii 'i,:an vmcau; of theý atssumv ~ib ility. of the crew to cscapc unot itred

1'The nirdina,`tes C i-icuiaaienl in'Fig. 9.0 aipproximiately tillow a lincear %culiiin la~w.
Ti s nie;miis that the scale shown on the left t ,ide akuiialty represen'its a ratio of the
probability oif the cecurrence oIf one ot. the compound events (i e., ahuiting the

__,son oi (hnamaing' the airplane, etc.) to ihre probability of failure, of any one
engine.
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• from a "controlled crash landing";..'.as we!'! as its. ability 11o eject safely should.

engine failure Occur above some critical altitude.
Figure 9.6 is presented not for thequantitative information which it contains

hut rather to impress upon the reader twt) important points, fi•e first of these is
that the term "r•liabi!ity" in a quantitative sense is nearly meaningles,• by itself

because the number that one caleulates lor the reliability of tle hardware device
depends very strongly or_, the criterion that is udapted for ,n,•asuiing this

reliability. "fhus, to cite.an extreme case in this partidHiar example, the proba-
bility o{ aborting a xfiission with a .... •I ..... • ...... i;, rnughly one tho{lsand
times at great as the probability, of injuring the crew. Of course, the question as

,• to which criterion ii•i'• the .appropriatc one to use cannot be answered off the "
" hd•i• • .:.,,. limited •:ialeulation presented here for discussion. '•'he choice of an

-• ¢ approprmte re!iabiliti• .criterion, whether it is one of those illustrated here or
.: some other one, must•;of necessity come fr•!tn •t.,'t•cit broa.•er conside:'atio•' of
•' the function and op•-ation of the particular vertical-takeoff air&aft under
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COnsdrr:UCati1on in a complete Military or conmmercial system. A second point
worthy of note ir. that reliability is by no means nercssairily ;isminoth or mono-
tonic function of the number of components, such as the number of engines in
our example here. For examplc, if one desired to minimize the probability of,

injuring the crew, and an aircraft with 12 or ni(.Ire engiutes was (:onsidcrcd to be
impractical from a logistic point of view, say, then it might be preferable to.I
decide on a single-engine aircraft (provided a lari.,e enough engine is available)
rather than on one designed with -:sorne intermediate number of engines,
such ar six. .

Unifortunately, Fig. 9.6 contains3 a most unrealistic: si~nplifyn assumption.
This is, as previously mentioned, that. the probability of having-any one- engine
fail 'is the samný, naamely I per cent, for' all sizesý of engines. Since in the reatl
worldl engines of different size are generally produced by different mnanufac-
turers, have dilfi-rent dctailed arrangement and functioning of their- components,
as well as different histories and service life, their individual probabilities of
failure in a specified operating time, ~can also be expected to vary. Trhe eonsc-
qUence (It MIC-h variation in unit failure probability of cngines is illustrated in
Table 9-2.'I

TAitrLi 9.21

Effect of variation in unit failtere probability of enginecsM

Probability that Probability ofI
N uoiub of niy one& --ngin injuring cruv',/I

engines fails P' Resulting Probability
(N) (PI) (Froni 1Fig. 9.6) of injuring ciew

(10 0.01 .60.6 X< 0,0 0.006)o
6 0.001 1 1.1 x 0,001 _ 0.001

The first line of the table represents a to-engine airplane design using enginesI
having a I per cenlt probability of failure (as assunwd in 1g., ) h) As shovin by
thelower cuirve of Fig. 9.6.1 the- associated probability oif injuring the cre-w i-
0006.1J he second ease considered is that of a 6-engine- airqjiane whvi Coll each
of the larger 'enginc:s is more reliable than those considercd before, having a
unit probability o[ iailuii6 of only 0.00 1. -1 he resvilrin- pr obability (11 inju1ring
the crew. is 0.00( 11, which is less by ! factor of five thlan the probability of
injoring the crew with the: It-engint. aiirplariL, decspite the ii nc:o ivi
by Fig. 9 .6.

9.7. SUMMAtRY

"[he purpose of this chapter has been to present sonme technological conrsiilera-
tions nertinent mnd vital to analysis 'for military decisions. These--1 cornsiuderatLIon



have bcc pis~ntd b incim rua ieP of ilusPTrative examiples drawn froniý
a vret of technical ill While these examrples aro o ci'ensidcrable interest in

th~enrselvte),haeben Ued hiclL' to illustrate the followingt prircipai

1.A performr ance pur~ameteý (like speed or alitWe is a descripti~of

capahil ily of a piece ot hardware and not a measure of i6, intrinsic WrthI
(military or economic).

The pcirformanacg capahit it', oI a vehicle. or ,),hcr hardwaývre itern, can
-edi" be extra polaled it! terrms of spec itiod chranges~ in~ t~

paramecters (like specific impulMse) but not directly in termis of calendar

tueor dollar cos;t.
3. Use of design tric ks, like rocket. sagiIig, ear! hv in purl ll mqSn rptrr rs to

hasic state-of-the-ajrt advances for irrceasnr. har-dwares l;qhiatiias.u

4. Physical sealing Aws are vey rimcfr in mrrterstanding the principal physicalI
i Ihttera~ctionns ill a systemi or anll"I'sis asý Well atS furecnon inclul k[Ation01

m110 expuitin rlcratiofl. Maer limmt of application. particularly where,
econlOlIiniC factors are conlcernedl. should he reCCOgtaiZcd.I

Phv sIcatl airI ccoirourir optimum a c' are "~lua lit'ALC wheni mu tilic~il1

{cuOw1 rar ut,. aro avoided'r.

0. Whrtnr'x p1rr 11 licasir' nu'r it ~s irlimitltiltm sliu11c i t t hlc' ~u " u: 1ýarýrnnrrs I it i i

i. \ dv' lecL dicut~irlmcn'uslr !ý 1miu t ili Iut ) in irjulr l liues ;ivuilv 1CmuHI1% iul'

1iCXiiucu l:i~1r'.uii ;ý that inclel rialI I rant' M),I carl hi' C.%p\luItcui.

7. 1 tn'' itcrionr iur 1: lineri lv ) r'O lrc o'li~lillIrv i0 to N. i'Iorrrcd :',larrl'l Ilk.



Chapter If)

A SSUMPTIONS ABOUT ENFMY RFH-AVIOI(

T. C. SCHELLING

In ainy -nalysis that leads to a clhoice' of a pzorticular strateiv or we ji~iol

system from aong sevi'ral alternatives. there is typ~ically s00w asrnto

about the behavior of the' enemyi. If it is 11ot explicitly sitated, it is 011iCILICddIt

sorriowih~re ini the arnalysis. Trhe wcapon syoýtc ,ii stratecgy that appears hest for

US uJSuall!V (ICHlInenilso what weap~on systeil Or strategy the enem~ly is expeCted

It mnight seem that we could always he oitfi th safe Nidle by atimsliing that 11h0
cnicmly will juIst dlo his worst to us!. But the worst that he ca,,n dIo to ~its ricot

f'~i!,l- 1,-0~ thfIthm 1c, cff!'i' dt tor hiself- Tile idea of dei'rrcim'c. tor

cxiinpc. ets oil theý Possibility of maik inrg the wo rst for' us (hei i g str~kby
NUrprise) Coinc'ide with omnch~liu'' pr tty b'kd for- tlim enemily (r'etaliaitiion). To

iiic'''im thfih ty (A .1 Nva': ii. th ri

huti UVP:1 tin.II:' eases v-116" ''-'' 01hseo thee''i are10 ; mit ýicily,

uiFO'lWo iI '1;l inni in ow Ili iicimrx 11C hehl~vjii 11V lUSt OStnuiirru that
liw will do(,. hicr;t Tjim: Icsusri l iiu il P, .k uch mli ;;iu; nositiin wi we.
While, the best chioice -for us deperids or wha ith is g~oing" to do,'lhis 'lcst choice
(1crdepend; on what we are g iing it) do. We wuni it, bnow what. a1r: Lidine ei

gongt ihve when we de'smen otir boiihuu u systei ii I' w~n ts too know whatI

bombing ,yvstem NNiitweav goinlg to have when hec desigits his air dcfu 0 o. Wh ile
We ore trying to exploili tlL Wi .1 Of 111.' 0 ý ;N-,Veii, lie 1. livinig to)X l

III,-e ss'alkTIieSses fii iti'i I lie i011 sl/ 5 iie riimlln tiin *~l xSe cal, i'; Oiw

c ,iuI.cunny Will lie adapftive: to thc ut l be t i li:; ahility lic --wiiI rll Ili-, s' ikt Nvhs I

he knmow,, or can peitai 'oi

ithis, iiic;iis Olit W,- ti:lvcto do -';;ctern, re' ir tor he clýiil :i % VLi!l otut

'ureles.I rtiu~rlehis li' Ltelad Choice (it Wvcipll'0, N5Yiii.ha- to Il

tle iloltlcltI riF0l his poiiit ot view AntlW14 whle iber ;r:-k raiutally sitieý-rnce,
i- 1ib; (Ietid with whic~h we' studyV hIk 1110bl[4211)111dO1 0hOWn1, tlmC lIogmc ()t .. ri

it-;cacl i req ilii res ý 1.0 I~Iiilly hiitli SItu~ L Of thie gaiiil C.

Wi an pla0ce th1u' ll!rilemmm ini thre brouider contet lit plani immg with tini-
(certailrtv. Ini alrinost airy anmuysi' ol almivinitive wcnpolli .'vystcri' sy: taCe

'99
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uncertainty. One of thc many sources of uncertainty is the enemny hillself; weI
do knokiow as miuch aý. we would like to know about how he would performi
in a war, how good his technology is, how rapidly his research and deve~lopnment

are progressing, how cohesive the Soviet bloc. will be, arnd so forth. Among
these uncertainties about the enemy there are some that are particularlyI
intriguing because they involve the decisions. that hie is going to make. T[hey

involve what he knows or guesses:, a--.out what we can. do and about-the djecisions
that we are going to make. I here ai~e, in other words, certain decisions that weI
and ilOC crticiy miake liI which we aie ihying to outguess each other- and toa-void
being outguessed, and trying to adapt to the decisions aiid chioices Uniti each 01
us has already ma~de and to forecast the choices or decisions that each of us is
going to he led to. Th--at is the particular hind of tuncertainty discussecd in
this chapter.

Iwarn [li rae~ide in advance that in trying to coert tx.._grips with <this
particular kind Of. uncertainty we are necessarily dealing with intangibles. We t-
are deailing Withi the enemy's expectatiorns rather than his capabilities, 1 it os

than that. We ;irc not just dealing wvith the -cnciny's e~xpectat~ions aboilt fiutire
events, but wvith his expectation,, about what'wýe are expecting of him~. T hi%, may
he an uncomnfortable kind of analysis to get engaged in, but there is no icoinl-
fortabic alternative. Hf we make die orirlm11*-4-ik 'I'~LIuipt fla e call fý'.HCN

what, the enemny is aviually Vguin-- to do, or Ihat whatever we don, he will be caught
doing, exactly what we waint himi to do, we cil sh~ e restitng ýOur whole strategyj

extremeic :idni nki- the eoiism'i divv :ksiinn thtwaee e rh.oo to don
tac enemy will always have 0otgUes'ed US i- advMance,. We MCe 110it onl1Y being

)C-Sifl lStic anld perha~p.- juissi ng ,omnv oppJortunities, but we ave supposin~g thatI
the encimy knows wha!t disn We a 1' 08kilig to I-Cach 'oefoi c wl. have ikcachcd
themn. Either of these two extremes is SO Unsatisfactory that1, wh~ether we eifljoy
it or not, we have to Leise snt en% for copjag.ihteitnils

I I!.AN 11 LUS'RA-1VE, PROm M lot"10 CHtOIC'E AMONG Al [ERNAHVlE MTAPON

SYs I I MS

I want to organize my tldcisCSS10a 11011iil t speCifie exampleC. [ijit I mni

confronted Willh a d ilcli ii ola If I pick an actmail exam lple of Li problcit tha,'t RAND)
has worked oni, it will hf (Jo large ito handle in a short presentation and too

colinplicuied Iio ml'ake iii1V POintS stanid out clearly. At the olther aýxtfenie I call
deal with A, , aniid C, z, -n (J., VY, andY', which have the, virm !',I heln Imito'hnest..

about theil hypothetical na tuire but are not vivid c nouigh to kxeep n niti'U. I ain

going to comlpromnise. F shall talk abo~it tlhic problentt or choosing a weapcn!

systemn for hombing the' Soviet Union from artionu thiree hypothveical ;ilterna-

tives. A., 13, alhid C;- but to enrifch the illustration I .shlall give ithe stratiegles
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descriptive namecs. To keep the examiple rcanageable I amn going, to dto violence 7
to thc facts, and, give the-se atticks itlTibites that provide a vc'rsatile illustrationl

ratheri thait a set of valid estimates.

Att~ck :trategy A will involve short-range aircraft based overseis- at several
point-, rear the SV ietioii. 11 is anl intereontineptal strike along dogleg roidtes

that minimize penetration distances within Sov'iet territory. C Is- ail inter-I

continental strike along routes that jniniliiiiC fuel C -SU~i~l We shllfl SuIIppos
that overseas-ba sedt bomrbers, because they are vulnerable to counterattack on
their. bases, have little Ilikelihood of ocarrying out Inure than one strike, while thle
mcktii cntilctal systeA nyclxc saI,,fer systemn t4 basino Alt acks B and C,U
therefore, involve a smaller numiber of' more expensive bomfiieis c 1ýU of
repeated strikes; thecy differ from each other in that B enjoys less eXPOSUre over
enemly territory, while C enjoys Superior performance due to shorter flying timle
and less dependence on refueling in flight, plus w-on c conomy in thle use of
tankers that can finance a sonlewhat larger number Of bombers. In Suinmllam-v:

Attack A owerseas-based sil kte,

Attack Bi intercon~tinental strike. Iliniilliu Oh peneitration,

Attack C interconitinenital strike, inirmimmnm~i range.

Against any onie of these ftiree bombhing systems the Russians coii lldevise a
"best'' defenlse. ;iv 'best'' I nn'an best ag~ititsi thle 'l~aiticmiai American attack

~b~itbe.cte. io c is deiene to meet. The altern1ative Russianl (~lClenSC 'tritegies
we shall assonw, diltfer ;weerdinic to two ma'inl bceors. The lu~st V5 toetioli:

aArAf`;ick C fliev wo''ld:. baise-their intCL~ieetin eupie inl thle generIal
direction of' the U nited States, while agrainlst either il e overseais-ba~sed o the
dogleg attack tlIm:y w0oi( hI istribute their in tercept ion Cquipmient inuicr widely.

Secondly, their equpmet, epeds on, wheiedcr they oksec~t &oc I ti e li a tA~~k
1i 0111 a necarby and highly vuineraIniv American l:[e:p -()I 'i 1 reocated atttacks

by.a-CSni~alCte nUnlIher Cl Iincv one lmherw; ivb. iinprortance. foi- example,
uf Ininrcepting Antici ian hoinhbeý, oný Lthc .. onon fromn 1 trget d( peiids ch

which system the Aninerixinus use.) Ili suwnunary.:

DI)cfnsc A' Nest against Attack A.

DetJrnsc Ii hC bc:t gainst Attack BI -

CI )etese C, best agtimis C\tek(.

What n ntkes -I h fe pt ob~lcu iitemiustiium is that, thilt; si r .1!~, is, N-1'
,Ifii st a1 pa 'tienular one of I;ur three attacks ii ioTIMa be 1K tie be't agin l~st all

thllee Oft our at tacks. So thet Rushian; ;i~ay not he able to ctih i' tlie1 iiweaponl

sys tern for defending against ourF attacks unless the'' ciri make it o t whakt

{.lecisionl we will reachl In dec-iding amiong Our iltiiiet ,milc s. But, Ii jluý' soni~c
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way, our choice among the tfirce zivailable attack shittc ig-0es deitIKo guess

of what defenso srategv 1111ir attack- niiJlxv 1-:1 pe eia I a;mj go-ingi to- A,ýSmi - in
0,her wvords, that we dto not cnjoy tMe IluXurIy Of al "doCMilant'' strategy n
that is Superior to thle alternatives no inatter, what defense thle Russiatns choose.

In my example, Ftrrthermo~e, tic onec of the three is, d'finitclx, in fey joy to., the

Phrtwo, either; each of orthree attack stacrscanlhc~ fhigtl is
onTe against at least ono type of Russian dlelnse-

Approach ing the Prolbicin, of ,..

Hlow do.. we decide which one to choose? I lie first point to notice is that wlc

aid the. Russians have comparable problens; our situations ire syirnnictrical S

long ats neither one of its tips his hand prerniatirclv. In effect, we have to try Io
guess What they Will guess that We Will do. To put it di:Hercnitl ., we have to play
both sides 01 this game1 it We Wan11t to tIgUre out what it is reasonable for US to
dot if"LI theRuSSians succeed in doing what it is reasonable for them to do.

*As a fiirst step, wc ml-ight i a irk 111o r1C tlle tossihle strtateies as -best",

"rueditmm'', and "wo rst"' :gainst each of tire h-rcee,:iRussianl defenses separately.

If' we do we may get a table sonlething like '[able 1 0.1I. (Note: that the three
atack!; arc being compare in ach I ,-/nowji with the pari~iirjlur defenlse listvd

TAB IIII 10. 1

Defense

Attack A' B/' c,

i hrearctheepoint to piake inl co-mricton with ia 10.I t . First, it. is

it depends ov what we 'eStinn~AtQ to be LlIt outcomeIIs Of a set of' SpCCItied CdiISJICS.

* I helý,A I'dga'n Y;exiprcss ed in Ihiii table umako, no assumPphiolos. libot 1he cl',re)r'S
c!If 'oe. ,P hey" ,6m ply consider all, possible courses oif onemiy behavior and all

'5 I]( baage il aUS. iu Ceeidc IA tvhedr A. o~r It is the bectter sIr;tcqev. aill

thlinlg ConISidered, WOUld dependI~ onI what W'- Ukibect the enem~ly to dIo; but tO

decide wheIither, A or B is best against I )elciisec A' we need ont y to- estinwit'
w~hat hiapcnen, It A mo-cts A', wI at( liappe ir if' B meets A', and whic Iii o the

two Ifwks: better t0 Us.S

Second. th( re is rio way: to ch oose a maing A. ll. and C) a oles- we have Nome
ý1 K ovlirig allout the relative likclihoods0 A' B", and C'.
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Third, when the enemy lotk s at hiNt problem of choice he: presumiably gets
the samei conpa -so m in everse. If the outcome of A again t A' Iooks worse

o'us thaln. doe's B against A'. it muLst looK betr to the enemy.

We could pursue this prohlem in either o 'f two directions. One is to ask he~w
to go about getting cstimatt~s of the relktive likelihood of A', B3', and ("'. H ere

the problem .gets cir-cular. The choice that the enemy will make, depends on

which'choice h1w thinks we aire going t.o make; and it that is an o pen question,
there is no ýuvav to deithice from it what he will do und' theref-bre what we
oulght to do. -,

Thle uther direction is to compare the alte~rnatives in greater detail: Instead of
comparing in each column (that is, for each of his deften-ses) our three attacks'
with each other. let uIS C0nm!iare all -nine possible outcomes to see -which is best,
which is ietbest, and so Tortb, all the way down to ninth bost outcome., Let

Lis estimuate, that is, the consequences of Att~ack A against Defense A', Attack A
agaiiist Defense B', Attack 1B aganirst Defense R', and so forth tor all the nine
comhinnfioris We estimlate Suich things as how many targets destroyed, how
mioii, aircraft weý lose, what this does to the outcome of tile war, arid so on.

I rsimplicity let us rank the nine posýsihicl cmsj ~i~* ~'. .,,.

destroyed, and suppose that dwfl< ~ivcs thec result ho Ii n Table 10)2, where

rank t corresponds ui I he molst targets destroyed. 'This t itil ini dfled, Sujuin1a -I
ri/es in reiaitivt terms an chi boiM ate con ~kitin ,- L ýto f4target damahge Carried nwit

I'or euch of nine dlifferent eascs, N1 tire thnit, with, th1r tabhle, we again haveI

realson tO supp31ose that. thle etwnd iv feelings about thw ni-ltive des>irabiility of'
these otiteol"es are opposite to oulis. IfI oul object is to m11axinui,.c danilý!ge, 1i is
is to nuli~ulue it;, if our fiirsLChoiceý P, J'diutOij ai!101111.~, .eae; thL, nin'lc.-tQ,

the lag ntuimbncr of targets destmn cii. that case i hIk n1inth choicec.

.ABI.F t0.2

CL.N order of pi cfur~iicu among outLcomes

!)efense

AukA' B'~V-' -

A, 9 2 .I

We can now re'4 'v'ýw th' proh)[cii ,s, !Ollows. -We h~-t a choice among three-

strategies, he hajs a Choice amiong three ýifvitcgies..- 'I here are nine possiblist
outacomnes; wi- have- estimuated enough to kiiov' mur (irder of prefcrence amiong
thsue n1ine ou~tEXMIns, nd, siintiltanvouslv we knowv. his order of",feec
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Which is just the reverse of ours. The enemiy and we are both contemplating this
table, each trying to make a choice that is reasonable in the. seni,,e of hoime

ci~witwth ilh- othiels besi el~o ri o miake his own reasonable choice,
Here is our chess game, but before we break our heads trying to wrestle

with it, let us See whether it simplifies itself in spccial cases,

Tiindn and fntelIýrence Jnjoriizafion

First, let uis think abo~~t whowno ves first. Stinnose, wvn had to pick A, B, or C
before the einemy commnitted himself to a choice diqlong A', 13'. ahd C'. (I hir
would be, the- ease if our attaick bad a longer lead time than his defense, ito
terms of aircrafr procurement, airbase. cons truction, alid' i~o forth.) Knowing
that he gets the last nmove, what is it prutdent for us, to do)? WC cel'tainly calnnot
pick our -favorite' outcome, our first choice in the uppecr right-hand corner,
which is Attack A directed against Defense -'. his would be splen1did if hV
had already coinumitted himusel f to Def'ense C'. But fie helasn't; hie is wa itiim~ to
see what we do. Andi if we p-ick A, lie can expl)oit the advanitatre oif second
move, by Confronting uis with Defense -A,, which gives us the wor..t of all nine
possibl ou~tcomes. If we pick It, hie can bold usl to OUT rseventl choice by
picking H'. And if we pick C, h e can pick if' and we geC ittor viglh th hice.

'if he is at all :-.c isible these will lie his re-sponses to our choice of A. B3. or C,

prcfeiý eneces, ;jccord Linig .is we. pick A3 It, o)r U_ 'I lie best we caltitdo is sevet th
place. so we piick It. We av not done very well, Noi at least wo h11Ave [idi~e ann*
lintelligent Choice in the faice of his having the aIdvantage of s ccond iao&'e

If WC had0 thle advantage Of Second move ---if his dt.etejirve equ ipIfeiicn and
structur es h; d the longer lead timec- h le would have to lu't it his first choic~re

as we. just looked at ours. If we see him choose A' we can p-ik 11- arid e'i joy our
tj ~third favorite ouicinem . If he iricks; I!, Or (.7, we can p)ick A anld Cniby otr

seconid (IF first choice.. Knlowing2 we. canl doc this, Ih"I 10s to p!k A'. ý,V al(ý
goood healb er illy iii thisý ca~se tha-n when we- h:ad ioivý ;!* ,1
illustration of this kind of play and counnlrplavt il dic pini. eli wqo n lil
developmentc was the successýive shift In atrrnwiimcnt, :irmcrr and slitrd ot -din-a
iioug~lts'' from thle turn of the centUry to the SLCC0 W01_111rl Wr.H.

Notice that intelliic inforinuoii tflays a oblu It Ifihe haL to mnove (irsk,
locating his tir bases or' pNoducine1. ;artiehii ty!n~ lit iiiterccp~tor With at lcad
Iil- long t

oi nough to allow us to nick our best hni-,in lg sytemi ill thte light, of

the choice thiat the enemiy hias already Mi ade, We gLet tile advantage- of' second
move only if we con tind out what choice it ii, that he has niadc. An intelliecoc~ne
disadvantage, can cancel out a Icead-tii le advantage.

'Tirning, thici anid intelligence informiation aie two I actors allicclinig the
relatlion olf the erinemy's hehLVior1 tO 0111S, Ic Lrnp Of these. two falctors; the
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prob-lem may decomipose itself into some smaller subproblems. 1n our illustra-
tive 1)roblemn a choice of A requires a firm cOrmmitmcnet now on the bases we
dcvclop and the aircraft, wve produce, while If we. ch-oose system B3 or C we can
leavc open till muich ýf`ter the question of whether it is B or C that we shall
finally decide onl. IfP. and C dillcr mainly in the attack routes inivolved, and

rnat so niuch in tije location of bases or types o~f aircraft,' we may managel to .
keep the enen-y.guessing up to ilue timec of his choicc if we pick B or C, rather
thani A, at the. time of our- head-ltimie commitment

Choosing itn Favor of Flexibility

Notice that it could be worth son!'e extra expense to keep this adde d flexibility.
SupposC that 1B and C. do involve' sonic difference, in the ratio of, tankers to

bombers, or in the decoys'l that* would go with, the attack. B involves, longer
dogleg routes, and mnoie tankeis;,C inight involvemnore grounl-launched decoys
to uvic~;one 'the disadvant~age obf longer penetration times. Because of thle
advantage in being free to choose either 13 or (C at thc last moment and to keep
The ene~my guess"ing or to ma,,ke him commit himself first, it might. he w ise, to
spend some extra money (even at thc expense of bomnbers) ill Ouder- to have
both the tankers required for Attack B and the decoys required for Attack C,
even though one of these will eventually he someWhat surjerflUous or c(it low
priority ~Clpending (in which attack is finally chosen. Thle enemy 11ay~ also keep
us miessing. It may hie that we have btetter intelligence about thle type of equip-
mea.nt bea nossesses than about the location of this air defense hascs. In th'at case.
we coifld tcdl carly whether his equipment watý suitable to am ieftinse A' or to

the kind of defense involved in 1B' and C'. If if is the lattler, we have to know
something about the location of 'his air rdefenmse baucs to te! .-;,cthei 13' or C' is,
in fact, the defense he has chosen. It we lack that inforip;ition, we miay end iih
'with a choice problem that involves unýcertainty on ouir side between his B3" and
C2', uncerta-inIty on his side betweeiji our B and C, with tho tour possible out-
comes contained in the lower riglft-hauud corner of Table I 10.2.

Again, the enemy mhight build bases suffieient-for 'both [H` and "2, hiut have

iodephby his interceptor aircraft in a way that is either concentrated to mneet
W :rz~ct At-\ : K3. 1 he do(,s not know which

way we. aie ~ornhlig, lie (lees not know, whi Lo keep his aircratdpoe.I

he thinks we know hom, his aircraft are stationed so that we can pick It or C
t, c.mdingly, he mnay prefer to lotate his .Oifcrat betiwc(n thme sprecad-out posture

aind the concentrated posture so that we have nou way of guessing whether we
will find B' or C' waiting for us ~when we arrive, If he r-ý)tatcs them son that

approximately half the time he is in pasture R1' _and half: th"; time ý posture (3',
We. are".confronted with ý,orne statistical uncertainty, if we pick R3, vve have a

50/50 chance of getting ibrfifth or eighth host choice. If we pick C, we have
ea 50/50 chance between sixth and sevent bet choice~. WIjiich should we prefer?
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Data Required for Dealing with P roahilitiet:

Let us pause at this point, andt restate the problem. Suppose that we knew
that we had a 50/50 chance of finding B' or C w aiting for us. In this case there 3
is.- no question of trying to outgue.cs'S 5ihe enemiy oi to avoid being outguessed;
we know his mode of behavior. It is as though the weatherman said there is a
50/50 chance (f cold -weather, and we had to dkicide whether or not to take a
coat r Have wc;!enough information in Table lh2' to cope' with this problem?

We are now'rteafioig with four possible outcomes, of which our favorite is the
"combination C-B', our second best is the combination B-C', with B-B' third and
C-C' fourth. To sharpen the point, let is leok at 1 able 10.3 i which we have
these four outcomes denoted by our order of preference- for them. '

.TAuuLF 10).3

Preference anmong our possible outconls

Defense

Attack BI C'..

B 3 2

C 1 4

tIs , his lCis I llu. T •,inswgr is nil. ' c have not... .*ItL Y .. . lJ.....

work to providk our table with information. W%, ca:Innot phioi, our hets intelli-
gently unless we know the pavy(1,1 bettcr. (, )u talhc shlows only our relative
estimatcs otfthe .,otcomes :t our order of pieecncc itowuid thu oyk tlo, ies; . hil
to take a ,Al'cuitCel risk, or to place a-,n inlelligen, bet, wkhe hO klak..6 ;wi, lnt

if the abholute Ytriugthsi of our prItc. ii 1 CF, 0U, e , to k-i,,w thit sOaic
outcomes are better tlh.:m .. the:; Vc haveC to-i":;iIer ho\v 'ux.h t-ettc, th,'r. -.

If our table ref-'.rr.ud unot t o i-,,,e destrelctinm hot to nlorl ).y,-- pi'i wt wowld

feel very differently about the, two prize schedules itt Table 10.4 belowv, assuming
a 50/50 chanice of B' or C' occurring. C l'ooks good in Schedule 1, B looks good

Ill ,-jWIiUIC i1. but both thesc schedulcs coitain luoncy rewards that areI
iden diic. when we express them just as tirst, secued, third, aiid Io-rth, in order

of l,/e, as ir, Table 10.3.
,AUIA Y. 10t.4

Absolb',,te strengths of four po.ssihh. ,lillcmeiS two eXalniphit

" I lDefense

.Schedie I Scheduwdile It.

Atiack I-,,' ( I I I' (" -

B 3 5 \9

-C I11) 2 i1 2

Let us take this idea back to, Table I0. i. Recall that first we startcd with jUSt 4
:II

-: II -
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all HliuJAeatlon Of best, mediCum11, aind wor'st inl each Lcolumnl. 'Iliat proved ill--
sufficient for certain prohlems anmd we replaiced the three-way comnparisons with

a moe_-way comparison, comparing the outcomes in all nine eaises, exprcssing,
them tin order of damage to the enemy. Now we have come to the conclusion
that we need ,some kind ot numefirical scalc that will indicate not only which:I
outcome is better than which other ou~tcoV1e, hu! 11ow much better. How can
we get such-a nlumerical measure?

We mi-ght Just tAL somep micasurc (if dwiia ge done--- -percenii Iag of targets,

,destryed, ~w exmpic.This i~phiL oni ',) bad as a crude first apprCOY i Ilation;but it sueems likely, thiat it will not be. ai wry good n'ppro- ination. i us! how mutc~h --

it is worth to destroy another 10 peýr cent of thlt targets may de 1k i onl whether-
we-were alre-ady countinge Onl destr'oyingl 9t0 per cent, 51) per cent, Or 10) pt'v Cenit.)
It could he, for example. that tile.difference betwecen 60 per een'tit and 701 per
cent destruction -is significantL in ternim of what the enemyv canl do With wha~t lie.
has left Over, white the difference between 90) per cent and 10t0C per cen~t is a
little like sbbotin gaý_ dead house. -

F-urtierm-orv, our Ifeeling abou~t dile ida iive- iller-its. OF difTC1 iernO~itCOldS
WOulid probably reflect more thnin one single component of -the onttcomr. We
may huave to weigh the advantage of mlore tarlgets, destr-oyed agai nst thle grlfa'ter

-cost to us in plan&'. lost; and since thiese mlay not vary in thle sarne proportions
as we move from one outcomet ýto ainother, We haýve to hiid SOirle Wiluy of.,
weighing togethecr, in the h alan.e. several diltereiit corn ponenlis of thle on1tCoi lie.

W itllO~t ill ailo' way ililiviving Iliat thi% I;, ;,: cawy 1iiiig it (it)~. hut :1;,tI
insisting that it hias to he dhime, let in'; "L't on1 withl oarl i~leeisio plu)l~l~lcu 1a -

putting ,ionic nfniiier:; ill die taible. We hiave lo pick s ,mi cal ow; ne1ul-let us% arbitrarily give ! V;111!0 (it I00)1 to. OnF fii is) choice aliliotg 1the nline.- liti
comeCs, a11id, 0 to ourll last c hoice. No~w we tiy to give imuricii en i viiiucs, io thli
other outcomes that fin sonicM w;y LeXPVeS ho0W- Much uiiiercelC there is hetWeenj
them in our vvaluiatidn of theiii. I have PUt someC num-bers -in' labl5 10.5. which

--are, --ierfee'ly arhitrary_ýbut --do have the virtueC that titecy c~orrelate propel)C~y wi th

tA- against G', iS V"aILnCd at 100; thle worsl pusil oitnune., A agistA,

Molud at 01, aiti rhe VAtieS Iii tile otherl WeVenI NX Zis le [1te l lICIlslra

the HUoiburs in [laid 10.2.-. -- -

Attack A' B' C

A 01 80) 111(M

B 60 -4t0 SO .

- 1 70 55 30)
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I should remnark that 1 ;1i, Siinl~taittmot;;y miakinig our table both harder and'I
.iser ti- deal with. As far. asteiesc rbe is concerned, I am mnaking it

.Aeasier. By assuinning, more and m,,ore research into the relative merits of these *
various, outcomes. I ant assuming that we have more and miore'data. to deal
with. And the mnore (lata we have in our table, the less intractable our problem

will he. At the same timie, it is getting harder, and harder~to handle it within the
scope of a single chapter. W~e are probably now at about the extent of what w-d
can handle in, a, limite-d cdiqrijinin Thioz gdrp no~t mean. 1 shotild streRI;_ tb ~t ouit
problemn has bcecome h-on(,elSS!V PcompIlex from the point of iwof sol'r'g itu
If we wcrc actually enga~gcd in the rcscarch, instead of just trying to dcscrihc
an ilutate type of research, we could s"I wtiitfrIio rs, day',u

wekuntil we thnueLht we had it pretty well thrashed out.

Wc can do mlore wiih these new numbers than we Could do before. Let usI
hank again at the problemi that the Riussians pose for its wiient.iney rotate their
planes bctwecci *a B' and ai C" posture, Suppose that we earlier had to decide
njetweefnt A'. on the one hand or 13 and C on the other, and chose a dual capacityý
for either B or C, and that we. must now mh'eide' which of thoso twoA to pir~k.I
If we pick 11, we have a '10/St) chance between 40 and 50; if we pick C we. have

a 50150 chance between 55 and 30. 1B looks somewhat better; if these -,ere
money bets w- should alionst certainly nick it- Thpqt- 1nri.pt m~nnpv hpt, hilt

atclast Ii-e have alreaidy tried to inake an adlowaiticc for any disproportionate
dillecrenecls among the thilleretii outcomes so that the nunibers approximatelyý
1reprie,",1u di:'ir "w 0 if' in :Mi 'mud te J m1Ute beth(-Ween iwio omwiteuus like

11 13' and B.C' is supposed to 1me(aNUir' how linipurtinii that ililletjrcuc is to us.
So) althouig h we nmay nmot he quite ready to s;jy rhat we will look' at t'hese numbers
as at vale oI an investor or ;m iusmininect comlpan1y dues, coniplitting eX[(tn'etd
values from- kno~wn odds, atleast it is nuit wholly senseless to look at the
problem that way; hut it was when all we htid to go on wais the first,, sc~cond,
third, fourth prcferenclý desiginations. We have at least now tried to get the
mnumbers. in a! formi tli at permits uts to make iieý (if their mni ierical values.

l'Tfopte in tN.i casc that~ the .~ .iftear ~" rctaiii thirpanes. ha if

the time in a B, stance and half time time an a C', can guess What, we will do.
We "irc likely to pick V- Knowing tjimis, they might I i~ke to pick Hi'. The reason
they caminot is that if they pick 11' .ind stayx with it, we shall pick C; they have
to keep rotating iii oider to keep uIS froum adapting to.themi.

lR'(icuviiltting Mcthe Matcuies

With thiese iiuiI)IhcS, we Lan now talk about. anothct imoumnrt nnf sihlitv,

Not only may it be possible to mix two strategies like Hi' and C' by random
rotation, it mnay be piossible to mix themn physically by designinig it comipromise
strategy. 'the RLuSian1S, instead of rotatinFg their planes between a concentrated



I. 101 ASSUMPTIONS ABOUT ENFMY BL.IIAVIOR 209

configuration and a dispersed configuration, might leave them permanently in

a compromise stance---more dispersed thaii they would be for a. I type of

attack, more concentrated that) they would be for a B typ' of attack. Such a

defense posture would not be as good against B as B' is, and would not be as

good against C(as C' is, but it might have the compensating advantage of being

not nearly sp bad for the Russians as if we came in with the particular kind

of attack tha.t they were not prepar'cd for. Also, it avoids the need for rotation

among a fully duplicate haeqn systetm.

Similarly, we might design a compromise attack thjit is somewhere between

B and C. The cnompromise attack, is less able to exploit the enemy's midtake

if he chooses the wrong defense, but it is better 'tan B or C if h)e were

Waiting with the right one. The question arises, do we gain as much its we

Jos!? The point I want to make is that our tab Table 10.5) nov has the kind

'ot numbers in it ihat are needed if we are to give an answer. Let us add tLe

compromise strategy, and call it BC. Suppose we evaluate it just as we did the

others, and we find that it results in outcomes as shown in the third row of

Table, 10.6. It looks fairly good. In the case of B' it is nearly as good as C;

in the case of C' it 'is nearly as good as B. And, viewed conservatively, it

achieves tf its worst a score that is much better than..C at C's Worst and

appreciablv better than B at B's worst. O(n the other hand, if it were evaluated

as shown by the numbers in pa,.r.ntheses, the numbers would probably help us

to reject it. It is only slightly belitcr thn B where B is the wrong strategy, and

substantially inferior when the enemy chooses C'.

1Amuu1 iU.,

Numerical evaluations -compromise strategy

Defense-

SI1 Attack B' C'

e.t 10 5)0
( 1 5- 30

BC 50 45
(BHC) (45) (35)

Teiztalive ,unmarv -
I1.a going to 1ut some m1i0e numOers in the table. Before we take that

pflunge let us stand off a minute, get away from the -1urbhers, and see if we

can suin up. We stUrtcd out with the 'idea that in many important cases we

cannot really evaluate our own choices aid decisions unles, we make al guess

at what the enemy is going to do. But the enemy's baule nmodc of behavior, if

:we are going to concede him any intelligence, is to adapt to what we do,

exploiting our weaknesses just as we are trying to exploit his. Whe:never we
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have to commit oUIrSelveS first, he wilt. do what he ca-;n to get Arouind the

strategy we have choser. To minimize his ability to adapt his strategy to Ours,

we try to design weapon systenis that are good in a variety of contingencies,
even though they may not be as good in the best possihlecease as S mor-e
speeialized but less versatile system. We ran try to make adaptation difficult

for the enemy by keeping him gueIssing, about ouir.strattegy, Cultivating~ verst~ileI
capabilities instead of highly specialized capabilities, postponing decisiions
where we can, so that he has 'to; choose in isnorauce of ours or-better still.

for us-to :"cornifit himself in a Way that we can see before we h~ave to makeour fnal coice
Makidg, tr'ze Enemy Adapt

There is another way to look at this problem of enc(iiiy wrdaptation. in those
cass we~ewe aveto jao~e irs~. ndmust assu-e thait he will intelligently

; pick a re~sponse to our system, that exploits tho weaknesses of ours. we- need

adaptation as an objective of our actions. To illustrate, suppoise wec build at

distant early' warning (nEW) line in the north and supplement it with otherI
warning arrangement% om the south. There arc three ways of evaluating w~hat

the warning systemn does. Tihe~ optimrist will'say that as the enemy. flies in" with

his large fleets ofl bombers we shall see himi several hours before lie icaclics uis,
erlyget off an en0711ormos reCtaliatory Yt SOk, aild eve[] have our defe uses

-1crf-ed to iritxi. b~i.i Lvimhor;e, whu-1i they come in, The pessim~ist Will say thalt

the enemy will redesign his attack so tthat lie relies on a Much smialler numimer

of plaiies that can sneak in through the weakest 'parts (if. our warninig net.;
dhe mLw line will never catch them co'-ining at us,, hecamnse either ho will imo
fly overi them. oiw line or, if he doe~s, be will do, it with numbers and flight

pattetils that give us little likellihood of recognizing h~m. In between is the

view of the mioderate whn talkes enemy adaptation for granted and buildls his

systea is I...:...ý ;ir.nd I. Avcordiing to this vJCewV the puirp)m; of aj r~~ iK

is nut necessarilyi to spot ancerney attack when i, comp-R it is to force the

enemiy to go to the trouble:, jdIc cxpense, and t~he risk involved iii designinig anl
atl aek, that does not alert the ni:.W line!. T he D-w line clowss a loop, hole, 'andI

mnakes the enemy shiftj.o a second-best strategy. This k ind of evaluation 1. aiy

or may no~t make a nm-lw line at good. investm"'t; 1,t it does imply that die wi'rtli

ol a particular warn inrg system is not settled by the.quesO(ion of' whether if Will

e.veri Spo(t his Attack ;omll g ill. fInSucad,.one want!; to ask wham, it com ii

enemvwhjiwedey imth possib~ility of an undetctel[CaOatckL(7 i

Arctic regiodi, and what it uostsv u~s to build the warnhmig systemn.

In the same way, we might consider dispersing somec of ourl atiack I urces ait

basl-s 'III thte tar Siide of the Soviet Union. Whether or not this is a good idlea i's



itt. 10]ASS(JMI Io0NS ABOU I iF Il ilIIAvIoR 1

'not schedid by whether the enemy can design. his air defense tin such at way that

those particul ii bombers dihat we .send in from those distant bases inever eh

target. 1Tle pertinent question is whikther it is difficult and. costly tp thc emn~ny

:in terms-ri otht military resources that hie has to divert to be prepared to mieet
this pairticulair attack. If at little cost we can force him into aI costly divcrsion

of air defense resources it may look like a: good idea. But, if at great cost weI

force hint to divert a small amount of rcr~ources, it does not look good.
In other words,' granted that the enemy will adapt to the decisions we make,

w'henever the tim-ing Of o1.r cho-ices and. ;Isntelligence infornlalioili permit h~imn

to, we want to evaluate proposals inl L, iiis ulfthle hjidatariom t in flit nfv"' f"C,1.-

cticimO to windertiAe. And this, means looking at the relative cost,; of what he. hasI
to dto cotn-parcd with what we- do.

* [is point can he illustrated with the tiih!.e we already have. Looking at
Tabile 10. t.Suppose we have already committed ourselves to strategy (-', and the
!menmy is ready for uIS with tWetense C'. It is proposed to boy more tankers so

that we can Mount an attack of' the type 13. An opt jutist ic view, imputing

foulil"Iiiessý to the enemily, ;.; that we will raise' oi ir --wore 1y 2t0. A pessimistic

view is that the er- 'ry will r~einhk is delnse- uvisls so that we gain onlly
10 points. T'he analyst, hiowever hould try to CZluht wht it cosls the enemv

in dverted resources if h- aidapvtr lo Our new strategy-. *what this docs to his
over-all defense, and how W~e COMeC out onl balance. He looks at the msore imodest
incienwint thit we- get as we- shift! from C, versus C' to B versus 11'. hIl the
par1tiCuIlar Uiblhe we aic usim- tihs is oin izo kida. it citn melan cithcr t-hat "he
VTici IY>o ad.aiptationl;I inconmplctIe' or that lic completely ada-1ýprs to tie wider
flilt'.usioll Of o11r fo[eC'ýS but att .1 Cost inl Ill he i1tutit~e and quality of nis Owni

weaponis, Nso that lhnS net balance is in our favo r and the Olfttoiliie is hetter lur us.I

10).3 . IIROArR IN I FRI'K I A ItON -A IOM I~Iii-.N~iVIý SiRA I HY

\utto consider a hroader inte.frpreation (of mny illkistrative problem ofI
ihlicc amiong...........f s sN/Pteno- tip to thi1s poUint I hlaVe discussed

that problem :is though it. Ielated to a tactical choice r~ollir 011itha locolpiC

henivc strategy. I have lett tat least two imoiprtaiit tltiugs otit tit account. Oie

possibilaity tha ou cho ince ninont stra1I'edia ie;fo ightng w iiydth alilerI thlc

pos (yfiliiv,'5 a, dvtir choirc iii~dae m in- t;t~ litafr fightingi~e- a iul the;1 niieris thu

jhke titaob oi Warl itself.

it may jiot hc immedciately appaient that I hiavy iicces'atily left e~tsiialiur, ()w

oi ace'mi iii n. ale 10.6 now contains nuithes thlat are si pposed lto le~t! eseut,

ina q Uartitilt ii ve Way, our evaluation -.t .h' tli dilftrt! pi is';ihlv out,'i rics. We

talked a little about1 what might lie behind those ritminei s. such' a'; thie (lan-agn

to enemy targets, our own loss"s of aircraift and crews, and simlialr factors.

M4ight we Pu.oL for) the purpose of this illustrative ex-anple- -just give our
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nsimbers a more sophisticated interpretation, and] say that we weighed civilianl
casualties, economic damnage, political prestige, ahd other clligdents all in the
balance. This would mean more research, more statistics. more soul-searching,
and' more argument over intangibles; but assuming- that we spend the. necessary
time and ingenuity on it, we should be able to' reach a more comprehensive
evaluation of the relative merits of the different outcomecs. We would un-
douhtedly reach different numbers dependling on what we take into account;
but we. still should end lip with ) table "In the gonavral form of the one. we have.

The reason we cainnot simply reinterpret our numnbers-for the. prprosme of

this discussioti-to include casualties is that up this point we have assumed
that what, is better for us is worse-for the enemny, and vice versa.- We have
supposed that we like to damage his targets but;b e does not like us tuso. th at
we have exactly opposite preferences for different levels of daniage- (Alter-

natively, if we interpret our numbers as denoting the odds of "winning" the w rp

any pair of attacks aind dlefenses that gives us relatively high odds of winning
gives the Russians relatively low odds, and vice versa.) But when we comec to
take casualties into account, it is fio longer true that of the va~riouis possible
olitcomes we and the Russians have exactly Inverse evaluations. As .between a
pair of attack and defenise strategies th-it gives us' three-to-one odds of winning,
With moder1Cate caSal~ties On both sides, and another that gives us; the same
three-to-one od~is of Winning, but with much greater casualties oil both sides,

we and the Russians may both prefer the same11 0m, of these t.wo iii CrIiativeI
0iitCflhICS. And aIside from11 ci VItImI casualieCs and eCO10noic tlaniage, theme are.
Stich fliuestiomis aIs the sur-vival of the reCgiin ini 1R issia O Iierlmesiomi of Oth

Communis-t bloc, the balance of> power amiong pressureC gro:ups in the Soviet .
t Ynion, and so on, as well as comlparable_ factors on our side, which the Rusisians
may irie squitc dilleorontly froamI Ille way we would appra.ise them.

Fojr that reason, in appraising all the consequences, of 'the dil lrent. attack,%
and! defense~s,- as disti nct fronyl their irmmediatc rrilitary consequences, we can
probably noi make a sirigle set of numbers serve as an index of our evaluation

and of the e'neniv evaluation at the same time. We need two sels of numbers
to represent our two dilferont ajpprcciat~ioiN of the consequences-.

!f I n~.niadc it cI ir that thisý is truG in primiciple, it rematins to be aeiked
whether Our dcICIison is- alI~cs tcd by the Russian evaluation of such thinigs as

their own civilian, econ .omic mad political losses. The answelr is tl~imt it is.

R evj.y'd Illiistrofimn: A ''Pioi'' /,trategy

l o show~ this in -in elctri me c-aso,and to avoid increasing the size oi oui

ýtable. let us change the chadracter Of our Attzmuk_ C -and replace the numbers ini
Table 10.6. 1ignoring fo1 tue. moment' whattindl of an attack C fl. ow, but
supposing that our comprehen crsive evilluation of the outcome is asi, snown in

Table 10.7, what corhCiusmuns ýCoO we reach ab out th hoice among A, BadC
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TA'lLE 10.7

Attack A' B' C'

A 0 80 100
B3 60 40 50)

C 20 10 -25 U

O~ur ea.rl ier anal-sis v.'oifld ii ndouhtodl' have led us to I-eject 4tc l

gether. No bihatter whl-at ciereliisc tile Russians use. as amiong A', B', and, C', otir

Attack-C is invariably worse for us than A or B3. [htere is no case in which we

WVould not prefer B~ to C, and TIo Case in W1hj ich We would116 i0i pickfer A ito C. 'Ye I
cannot even tprotitahlv fool the Russians ýIiy using- C. thinking I rat tile% would

eX~eCt. uIS to reject it', We do0 NO hadly thalt 'lheys are delightedl at on choice of C,
evell it: they expected A or B.

'life Fift1m1's S -i'alutw~ion

Purt now,; 1(t lv introdiw'o into~ 'lhlo It) 7 ,onw ilhirsmirtivi, nrrnihers4 tt~ili
might rei.".'sent our estimate of the -Russian cvaloation of these nine dilfcrent

pojssiL W o.itcomcs. Ili Tilahi 10,8 1 hale,. Out onrirhcr for uS and nunihers I or
lthe R i:s(thi t is, for If! gueossý at a R ussian evalualtion)) ill echIl kf the uL-

cells of thlt table, ours to the lowei keit. fhic! 5it) tile uppecr righi .

TAIILU 10.8

NunII!CTiec,it evditialionA, 00YI~iDIC KtussIJar eVi~lI:toljrIS

Attack _____ ____

__A_

C. jo 2' 0 0.; -:

Ili doing th1is Ilet I I,, listilogtisl broadly bCWec~ii twokid lcciitSi tii

evaluation: firstl, tleic estirliatc oli the oddsi hallmd of) witlmillig il losIing tilewr

of- 0! tile flhatlcial lMower lp(Iit14)1I IlitWCCII 115 on)ce tie War is o%,l er IIIlatIFs oil]

whichIP the ir evaluation ought to ron directiy co.ptrury to 01 irs; and .-ývn ol. the

'varliouls facto'i's that 1 have hroadlV tciell( '-Casual~ties", Onl Which there I- istn

* ILroiig reason to sýuppose that the kit jo -.of war tjint theV likeleas is thle Jiold of

war we like, best, and vice versa. Just to nalke life iltiustz~lllt oli uiieCte If we
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Nsuppose their evaluation of' thre. outcome when Attack A sneets Defainsc B" is 20,
a coillpjarAiiv~ely low niumber, it rceftcct.;~ the fact-that our number is'-coinpara-
tively high. 1Looking at the intersection (if Attack A with Dlefense C', we see
that it is not necessarily true that because our number gocs tip, their tIumbher
goes down; there. is no logical incongistcncy in giving their appreciatioll of this

case a value of 50. To) put the matter crudely. A agftinst B3' and A against C'. n' IV

may he roughiy.simnillar in terms of who wins. the war, but onle inay'just Ibe i

good (OCilt l nOOLuer On flOM siucs than the other, so that inc uifi ccruni'aiii the
eStlinateS goes in i fic samte tdieiClonioi tile RiL'i,,.ia S iti s for 11US

We Tiied nloi look ai 'die i numIter- il' Vahl~ ic itlC rcat detail, :ainee~ I "v'aut
only to illuistrate a ialher simpiile point: that lltl-'r Is no necessarily ItilNical
inci-onsistency in the way I have supposed the Russiafiuerlteoor.Lt
us look art our Attack G. C is a strategy that we mnight have rejected out of'
hand on the basýis of the ItigUres repre-ent ing, the 11-S, evaluation of the out-
come1s. B-ht the numbers I pult in fo17 the PoJSSIbl RuISSian evaluation may give
us reason to keep) C in the running.Ll

Acei dngto theý.e niumbers, the Rumssians td t I he niitcomin when C' is

used just about as much as we do. Attack C seems to be at bloodyv at aek ot the

kiid id iat is pitt totarl y referr-ed to as( "multual suiidc:.e, Or SOointl~ili g Of the sor-t.
Wv disike nL ecause of what it does to our own country. Me may not take

patc isilt isfae tibi Iil th n id111t the R cissiants wtnflld beL k'-:!o'! 1ted !oo.Sa

it w Wer''ie Stile 1161t once weý 1usd ailupteil lie straitc ' i 'kwe wolild livt- 'o fig'ht

the war (or it w' thonohit tile prohubiltvIV A' blaviu to lieith ,vat was1

iiidcpeuident of whlich Llttaclk 'drlteris WE' ('hoset), we. would avoid C. tlilt. if we,
arc- interestedl iii detot'reu 'v a-s welt ciiv, ill tile klutcikn1 of Mny Will thatt COiVeS,

Attack U iii;> halv Vi' slm :t tiatio. 'fcin le' IS neifrn.tw~is

with a poten1tial alttack. that is a-' unal~ttractivetoV, themtl ;1.s We (.,;It Ihoosek, 1.1ý;
suoic vi~tute conifraXre( yith A nntd 11.

Nc ..cý afu ]h.iiil ~i f' t1'

tHimi art so05111 iiitcrcstiitg obevt~n t ieaottile culopstioll (1 ;1

stiategy,, lif' AXttack C. We eairlier plit ai pfilminlin jn SecrcFCy, becausel it cne

to oni lvi ;td e I- kee 1.p thle _,tnimyv niccr taim abutm whicýh of :)m aittaicksý h
shouild preplic for. hut a '~ita" a';imlicly ;1tciit; C' woulduik ' r111iFakc

SenIse if WV. attVi tis~d It A0 the c:lientyWe aIlso, ill "I" caiihl' Iiiilkysij) -put a
hiuh .plei'nuilill oil leihihitv', Ill having tic fi'eoldirit) 11:1t mak a itial c-hdue- ait ;t

hItS' 1-0il'aeiit a agatin it) kieep tile enienty gllcssiie (i to hi d;'pt to t11C tio"tclrc tli:t

theeuot inigt.have adopted lty, then.. But Ati- uc s rottN hu, iv i ci

k inid oif deterrence it we htave any llex.ihilIity I or switchmHg to A a'r 11 at the IaA.

mnomen t. At tile nio:nei it tha't war ski ts, we h ave iio more jinterest in pursuAliM

itt
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that we have every inceiitivc to switch to A or 1B if it is physically possible. The
Orly Way that they couldl be fuLlly ricrsuaded that they would be hit hly Attack C
would be for them ~obe persuaded that We couIld not choose' anytikirig but
Attack~ C even if we wanted to.

VhC1 esýsential dilference here is that earlier we were trying to aecominod0fate.
QUr-selves to the fact that We anld our henemy had Opposite interests, while in thce
situation represented by strategy C we are trying to str-uctd re the RuIssians'
mneentives so that they have a commnon inteiest withl us-a coninion interest in
Chousng-Still another sNtratcgy, n-amelC-1y finc stratLegy of behaving inawyta

Makes, the w;il uIMICUeeessai! We ni e how hiying , tomanipulate thcir incenitives,
Rot Just to adapt to theiri. WVe are trying to precsenlt thcml it choice fliat we h ave
designed inl such ii way that it' they choose whiat is best for thein, ihi.y are

-clionsli o tile Course that We Wi'a t thenli ito ;k)
-I .Mralegy T'hat Look-s "Too Good"-

At another extremne, we iiight puLt iii a new strategy -o-. new numlbers for
oil \111 II ,rspecificd At tack"(' ha ritnalkeC; it look very good by coilpa:1risonl

wvithi A and 13 onl the basis ot tiyg ov'n niumerical evaluation. It could look too'goodI. Vo keel) miy illostraitioii slpilc anid hypothetical I have not discussed th(

and capi icated eitoiigh we Could cive each or the Itwo sides al Attack 'andl
dele'I1SV 110Stite together~ With th. Optilon ot waiting Of ti ying to go, firsi -We
IIghtJI In t11hat caise fl od- a strattegy that !ooked vciv good whawe struck S
1 ii eve)1 l)eitlteilwen. We:, struLK fifst1 But if'*- Ja, o' we dof tioE ijaceod io strike

lutit is; possible that thle very etet eesof that posturee as at springboardj
Io surikine iirst is aIi niebarrassmnent. if way look 100 good to us. Rather, ii

in iiv look to the R ssia as aw; though itokoks t~oi good to asl, ;o tha-t while the
sf1 ike-second eapal)ility oif oar -po~ture is a potentiial deterrent, its strike-first

1týipahil ity imay provoke a counterivailing urge to -pre-empt.

I aisc tlbis nossJihitity at in iio til iliseit) it inl any detail hit only to show
I.M f-' WC 0115 hVP levi C310 uPOLund s;omeI oA the iiitwintuhles th'At ,'o intio ouir

alyi.We not ()ily have to evaluate the oUtflonmes toil (1M nr own po1ilnt of,
sOV,', an!d theni e's~ti; hoe w the Rulssi~ais would evaluate the uiutconics 1f.1rom
the0r M1 to!it View, hatf to deal withi thisN last easec we also ha:1ve to etinuiatc tlow

thle Rissiansesimt OL11 Oelv~ji~t oil ol the2 Vaifolts otiteottic. It We couldt by
--;irikhig fiirst des.trov RivSsiali j'oW'C1 at thle cosýt of .71 millino n o enlvs

it 1, ibloiLl taut I'm us to haive. tie bust possiJble tilldursta.iilfing, of whalt thle
*R ussmatis think our feeling'; rgabout X uiillioit casualties.,

- -10.. CN COMIINi; NUNMARY

Iin sunonfaiy, I Would like to iituke two points. Fir.,;, thle oiily wensible
assaptul i wecll make aot er01- ny ha i~t 1 .11 171 Wei inwith DOr blemsý

-i-111b lis IL
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where hi-, intCreSt IS trictl- DOy i ono 0e tOU our iteest arc that the eneiry wvill
adapt his behavior, within thc limlits imposed by whatever flexibility he ha:; to
what he knows about the decisions we are mnakin2; that hie will design his
system to keel) flexibility and to confront us with uncertainty; and that he will
anticipate our doing the samec thing.

Trhe second summary point is that in mvatters like dceýerrcncc, limited war,
avoidance oif inadvertent war, provocatioofp-epi ttc~an sooth
althouvjh we assume that the enemy will adapt to our dc~isiouts, vvc nniist tr y to
design a systeii that will iiiduce:-,liiini to adapt Iiis bechavior in the ways we want.

I want to make one observation. In both of these .;ascs -we ,cin aU scn

taking the opposite oi' the view that one siould ground one's decisions oni the
enemy-,, capabilities rather than on the cncniy'-, inten~tions. Inl lb kind&s Of
problems I 'have been di:;ckissing, we :ire neces;sarily dealing with th ,e cncniýys

intentions-his expect nooins, his- inLciltiVeS, and the guesses ih.! -i~ IlC n kes

ab~iiti our interitions ind our* exoectat~ions and our incentives. This ks paitently

true in dealing with a Con1cLpt like deterrenice, the. whole idea of which is the
mianipaion'161 Of thle enem~ly>; iiitcntiQn--: bv confronting him withi :V. roperly
decsigned set ot choices, lint it is also true of those situations% inll Ihiclh kvký aeI
li0t tryinlg t0 deter Or to) eCiCl' Ort)lilM clL~-1,bt'JlpYt ~

depenld onl how lie- allocate's his Ncoir' inkolig Jhe ;d1TenallvV ~v, c t
iAld ihie to -11w~c iiic ~ c wh~lt It expects uts toI be doiji.' I lie

dcployilwuti oif hisi:Ceatlhjiieutiiiiiitliie t I,,cio nt, SoM~ietiiii 'Atv

-introduict' into thle beginning of our iuuall~sK it Ps a Cliucilosionl ihit' we i';ieli.I

When we have looked skiitn aiconlsly at his problem11 ann uv. c ool- 'hvet M
throuiIh, tile klind of dianaysis that he must be ilSsnilled to hie. doitig o') hi,; Jdct

of Ilitý probi)ct i, We Cati hopeI) to rachII SiniiiltaneIoUSly al jiidgýitiiit :Ihout what is
the niost reasonazble choice Lot usý to rii ake aind what is a reasonjble choicefor

111i1 6) ho itak ilig.I

ibis 'uis why so wmaity ot the estiniates that wev need for cii iiiv with thnes

piciblenis relate hi intangibles. '[lie jn olilm iiivolvcs intanigiblesil~ In parlticullar,
it involve.s the glea ntiL ritmgil de 611 wh;At the cud ony thin ks wt, thiink he is'

going to doi.

:1t
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1A. (7y., WEINER

111 111IE USES 01; WAR 6AM1Nn U
watr gamiing has a long,;h~istory of unilitary respectability :0~ :inl educational:1

and training dovie, It extends back to the timet whcn somconc -po kssibly an1
oriental genera.l Sun Tilu - attempted to e()Iid1It im1agiay,111 military operationis
by represcntim, his own forces and those of the encmy oil a map, board, or

with scribbles, inl the sandt, andl tried to, work out the viionsIOiVCS Or ac1tiOns
that could lie taken by each siide. He was, inl a-tconlStrulCting aI nodel
of the situation. BtY C01Osideing all the Mril itar mcive; 1hat he ti oldI i 1:1i

and (I-ll the moves, that the enemly inight make,,, he Sonli it a wa~y iti Whicel
_-ol'ild he nmust effective iiv:Ii i st the 6'iieni, tiespile What t.1e lenemy i]light

(to 141 1tpptt5 , hinm
Whethier this tecliiqlc of Cý,,!I it wlolLT, action ;Ilt c:inuntevatiollui swVOXTa

lhec~luse our~i hypotlhetic.al geetivia lootii that it cmittibutttd to his minlitary
snecev Or hecansve it wa~S "I LAtid wa nrt thl ting o1u1.10 ConlttieiX 'siiliat IioS,

or simiply hkeecittse it ww :in ntrtaitnitij p~astimelt IS Itxnlnlitl 11e

inliptit~ini ijumpi is that it dlid snI vivC :i11d nyct~ the VCears h:ils limlergon' olimily

]Atngc thp ev;entpi-nt \A Ugmn siwuilnay6"

Majui ~ ~ ~ ~ ~ ~ _ ussacdocrhdblw-

inoe ll thox uses: in Which the p~lay iScril oatI inl tile L, tIeTat I It

that the -,i-milated enviromnmnt will cruate a great~r iil'' o the
toiftituIdke of facttOus anld acin ht;0c involved n ip
,loprccutninml of these: nieoris oll wti~toiui Ill aIty rea.;l W011 It I huhrp,;jrt oi.
ttu ei v itie

L2. ijic tee 4t pgmiiw: Ia ........r .. i ~i;
whc ur~,vitlers a ficus icr the eXPerieceIL :1nd. toldcrWItnnho tnint

and sysctisinlvsti. By dc.iling With specific situlation'; icli I ;icL11.ti 'Itol

1Reported to haLVe2 Naid abhout. 500( B.C.( I hc g.renir;;1 it who wins j J)itth;, m1akes
inany calculatiowi Iin his temple eie the battle is WO~ght"

2 1i Adaptul froviu a clsiiainby Olaf f lelnur, i he RAit1 Cortim1 Aiioll
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;lit vieweNd Ili a cileftite cntl~xi and numn "0~~ th factorsi and lintci-rrlattenn,

t IIa II gInItl ha ýve heen i gn.I oredc or (I %erltckdccl ct biougi.0t Uinder conside ta-

11(111. MaI-iy stuieHOs ilVlV() anC 11initijlptj m)rd ill Which thle analysis engage.

inl crude tormis oh gaiuill0 US at ilUcihod of ýgettinlgi feel l0otC[l(ie coplexity
citeprob~lem a11d0 ieOf iiii SiMIIC 14 Oil.- major azliects that requirel-

Thct usc'o i(til' (0 as a's'c i o"i Thie objective of this use. whlich is,

11(iiei ,ilh ill[iti: I ciii of an evaluati0111on ra devel u-te fit dvikv i 'I(-,

't'tiLtl~jni ih stiut tcspi io pilaits. polic" ieienceflcr pe CI

use lit' thiý is t\ ck

phriCliiml'tiviolbi /n'i1 siuitdiic/. Iii this, sense, paimiies, alosed as, devies for,
CX.M\iriliiiig tiel \';riws leIi~.Iisnlvlen(1t Inl a; suilmition ill the hlope that! tile

!aiutl1,11 aspects. Lunit h,,. csIhlislIC'lI aMid SouseC ',tite aVSs12Ml:(d 10 1 het
failor S. . I his ilk ise I'a pilel hmi nay .cp tmoard it more precisec model which

C;iiI bccotli me n; l it a aInjl cn it- n s-r cu ni sal t:1ahle I heorelctii

t Ile, ;iltciutpts I)1(1 ut Lliiltg as aIeea device (w stcpping-stcinc. tio theory

arcn- n nici'itiv '. I cl. ii tiv's. it i'i pribvitliv ptn-cmiiltire1 Inctr) lýIf as'-e'- time M 11ihilibi-

I hI at 111 A v r gi i i e t Zil 111 c it, i ;ill lit C A itI l ' ' i-i-iii,

dw pI

*War1 games.1c as-tt*(lv ye sll n~Up hVtttlttLnnl sJidaticis inl Whichs iwl sides

Int t 'fi nItI Ii C-I t.n I t I~i iIi~ I. I I 'A k, C n~ i t .11 o t I I c IIII 1 -i r. nI

li iit iitIhm I - Itte il a kI l t ~~I tl -I cs te? It Ii '' i lii i

Im ncl 1 w.1tilt n-ii1ptltasittmci Wig11m tL~n Imtide~ir thethittem (I Ilk.]c-

Mi ohk II I:; 5 1 Itc II 510 ls

I 1ii i t a atl a I n i

In 'Itl ;unier t 1ie tlt(Ii.usrntA"l' gameWs i1t-e inlcluded the ganses that ,have: tic-)

subILU : i o:1:itysiv,,'i - - gauti the1Ory. ljuI thieS g,1ALnS caLA CtiFS 01oiltti o

o,

I)A
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.,vailahle to nlo sid is naedinaltii aCkoiirsc of atcticm avaiilihle

to the other side,,' and the texpectedl outcomei t 01- each Colliibiiiatioln is spec tied.
thle ptloblem f'or matheimatics is to deducc.: tile correct couirse of action or

strategv which each player shoulid cmplo0', Inl some1 eases thle SoluIionlS indicate

a igebest s tiategy! which ,a'h player should choose. In others. however,,I
each phiver has t0 Chooscoe% o1C(f sec~'eral sl rtiMgics :u.'cording to a calculated
prohahiiiiv. 11I this method the. rules aie ahsoltitely definite and no umnpire

~sreqircdThe Idie It'l 1o1s t r 11.,has l beenap onl [iijte to only a 1 o tcod ntumbier
Of 0Ii1 italy-, easeS such aýs Some t~pes of, lipgh-te-homberl duckel.

Another type o)f mvaiii'nati;il inuiie is oue in, which aI series ofC Cliee 11

allocat~ion of* for-ces is ,tavil'thle to cacth side,. (-oet eXample of his' type is au1
alloceatioii prohlem ill Whic ceach "Iide Call ehouse betwoeeallo;11cating hlis air-
oralIt to Ode oA three Toles: eountei'ai r, comnteuground. or elose support. The

prohleto for maiiayas is to dedceIIC thi oug~lOt.1 thle CanIJiliaig1th 11corrct11C alloct-
two for etlsde. Ill this . tuat ionl asin I e rceding 01e, thle con1ditionS

mii ist1 detlcined ye iv precisely and the clioices .ivailablc are l~imited, and
d(iit'jite.

Next. arc games 1ha] invokle comlpiltig 1ilac~hlnes. Ali eXampleI Of- thiS type

is, an air hattie game hichvii0 tracesý 111fugifiglhe hlistory of each', i-ndividual
:iti~,k, aind the( illeone- Vhe rules lot ech Ii titidk inti1st he specifiedI ini advanicv

andtl te iiaehine. usine M11nte Car-lo tchnlique.I1l, plass thriiith.ý1 'I Lir'eC numbe11r

of ii ek. Ili aW iiif :i'; 1ca 1iCiii cath le exltent to whiich i sonlu oft Ith falctorsI

thln ilz have le iut'hi:led l~ i Iica to the slitcOlm- , oftlit' Ii ifikc

th e attdifol t b , of ic (1morn.lr hul~iifn pklo s, Nv~lm ifecitfe tni tl.ifc ;MaJ-'o I-*h''
iria1de and ilie for~ces thai willI he ulsed, rather 1t1I )I Niii'lig ttic'c 'pelifietf

, ttiiv',ilieU. IK ni cli: - n thenCIIIQ e;UI ri_11` (ils o t tile et iiiprit,1601i', hascd oil ieI

judgmenltsý (If 111 phu ye is.

A third caien C vlgl Mielldts the board aIndi hunkloping gitlles. Ill I liest g inics

:tie iiilcs ~ j ire tioil kv i dfinlite, andj~ t~jle ufe tI'lol fill' 111aitiinelc L'MIiles1

iithat tht'- l!illcinbfui-lc e! .;)I auth' flie!! tni'imqctfriccs Ovcr pc i o

IIf tune. Itcoie"01 Y) i t`:)lIS tO nteract so,,ý lu h dia they' t,~ l.1

Wlest iiahIlc ii1ýclliii Capaiftyi\. Ito a mili'~c tlie l eaioee eseniie 'lies i illit

n)itIvetltill a i im l t ( :iiii' inl 11his tatti-iiry liax'i fi'eii 1iz'A to S I d

.Atr;tceme j01r Idaipigo; p5 Ifuh1110 1d iIeileit

hIv ii i s h ' M:cal 11 , 1V 111111111r :110 nialvl' In th

rouer''- -iu' -i ... -fill" wtii 1 i iitr: '1 ill vhilicli onel !;idc lhiii

*igoinst liliilfi vdllt istf.liii ilm iutlori t\. oil the ttii'iit of eah mlve.

"andiull Inwhch thetailcd role's liii or 01Ia jiot ne erliploc'.

1:-loi this. point we gcf, into thle ior-oesddwar 'gailics ofh which

thdl L' LUe C0ii 1eomina"~i6onm aiimh types, including gnie involvinig farge
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nmbimhrs of players and at large uimpiring staff. Ihese gamecs arc uimed in
problems. involving natiii jfa Ind internal jonal faC toes.

Since th6 gaines involving human Ump~iring, decisionn~iak ing,.andl judgment
are the most! widely used and offer the greatest tiexibility, most of the following
remarks on war gaming will be COncLV1 led with this type.

11.3. STEPS IN WAR GAMINGi

Giaming, like any other arnalytic tohn16iooiie nvolves a-ninnher fi U
steps. We epri, somewhat arbitrarily, divide these into

1. Dete.rmlining the oh~jCet[V' ol pia1potC 01' [hle game.

2. Preparing the inp)uiS and bouindary conditionls.

3. "Istablishing. the dlecision rules arid tile aldjUd iCatieci mccl aniSm1.-

4. Playing the gafflec.

S. Analy'zing the gamec.

To illustrate somec of the considel lat RimtihIat 'trc iiiip)o[taiit for ecach of
these steps, let uis assume that we aro'ioing to utse war gamning tech niqllesh to

evvalliatc the effectiveness of a1 wctna 'uten

D~etermining the objective of the gamec sets thb formiat for all the SLIb)Sequent
steps, The ob1jective indicates the comnplexity of the gamei, tile le'vel or detail
that will be included, and tfie mnag~iitUdC of tile playN' aid ot the anlssI hi

is one ot those self -evideit., statemient-,, OI it oLccur- over and over. again ill the
couirse of gaining operations and other anialyltic tc~haiques,. It xe~ni, par/t i/

tre;of ri inb ccauiis thr type-; of proble~ihmiv euacu.nt\ ~i hioaut
in. scopb- and allow many p)OSSiblC interpritlationsý liv the huiaiiiiia patcl)ptilts.

The hypothetical prbe wehv hsncnh ;er ip tor analysis .-In a

largze. num-ýber kft ,1:way's We. may chnoose a veLry, welt definced situ:; f ion ot ai

thle wea1ponl system. in' a specific Iu it itary situaition witloii it regard to; preceding
cve n ts or ajctions in tile situa inand withouti ctincci 1 fir tile iiitcomei (it the
situation on the restl of the military catapaqirii If weý were t~o dol this in
presenti Mur timnlings f i any :11vcasiinaiflc atitlicueLC they wouild iii~iilcdiately,

and qupite eorctv aiseC (que1,stonS abothl OWli fiiidilils. Thcy wtfi iitot
amion, (ith~ci thiinig.s, th at see haýd only! l~IM~k-C Lt at a '-l!stnt ;o, ht %we
could eas;ily have chosen 6thvr AttiuaLioivl in) Whi ch the resui lts'wotild I iaVC been
different, that wec had not (St~ihtidii'd 11w pcii situation as Hi n at
reasonalble onle to consider, ind 'ha ;Uno, fipfct,'theen veyc-ilt

or covmprchcn' ! vc in] , iilr investigation. ;

We inight aliswer by poinffng out ti nit thle problem wec had ellw in was a

enluomilex. one and that we bad takenias- h 4"jcclive tol ,wr s~t aly v iiaif
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of thie weapIonl systeni under thec limited conditions which we hall imposed.
This, might serve to answer our critics on this particular Nitudy, buti it Would

provide only ai small amiount of the ififoriiiation which the decisionmaker
might require.

Aware of this possibility,., we can consider the problem:r iii a hieoader way.

We night decide to investigate a numbler of sitiLuations, each providing a
number of different possibilitics for the operation of the weapon system. But,.
what possibilities? At this point, as with' anyv analysis, we have to consider a

large numb.er of altvi~nativcs and make tin inlitial Judgment on which possibil-.I
ities aire t1w niost inipti'rtant. Two. pbiint% shouid lie noted. The various qitua-
tions which we consider represent judgmients on the part of the analysts.

Thes jugmets ay e uavoidable For siny rcasons', hut it sholild not
stop us froni recognizing'that these are juidgmrents. 'The seconld point is that
thle selection 'of some of fihe si tutipuios l or study, to the exclusion of others.
is also a judgmenCt. FachI of' thle possibilities mi-ight have bemexucinvtined -in
great detail, prior to dec~iding on which ones are to he gamied, hult, at hest,
the final decision is anl educated guess on thie part of the analystsý. Anid Ii is
aI particular type of guess: it is aI gueCss thait the spccilic situations which have
been ,elected have a miore reasonable chance of ocqiirring than the onies that
nave heeni elimiinated. So it is a predictioni aboti the hiiiiir . ly- - ites this

is one of the mnajor problemis with ýVar giiniiiig'. We are forced, because ofI
real li'mits of tn, 0 m1% oney, :11d personnll-, ito n-tnict our choices of situations%or stdy. Ht cxii i these resirictini is WCIC Ceaed, We nli ill finld i lint in

exploire all thie po~ssile situation-, which couild he imiaginecd, eithcr reali-itically
or inot, would take. such a lon1g tiliiC that our wea tion systemn Would have

becomle nbsoicte by thle time-I we hafd en-u-gh analy11tic dat. to evallate it.
B~l-cl- -Wte h;1 se to selectl sonic siituiationis rather.. th an others, we are

actually m aking j ndgOICnts that the sitateswe havie welected ;xC ore

likely to occur (We' F1ay IslSO SaV "he inipoi0tallt', "lie aioore iý il" r"i.
inc -res rage of altrniativCs , or soni~c otheri -aionii. ý;~he

We mlay attempt to ju tif l, thi h ;.iyiilg that we irte. n10t ii yi''ý lo prCdit
that thle sitiuations will occur, h)ut only ko eXýliomiuO &f' ns of thec

the apn ifs u hc .-llud c-nl 1
deter mi-in e v hedtiw r tI cy irc I kel'y C niou bl to occ."- u O., tl" Q~sn sv of'

We ii~ ~ onwtliung ctitire!"y 'Idrrt~" 0  oVI r WniSis

into ~i epii uuew hien i. u'z; V, jvi''ee.o 'nthiit even

though wt-wvi'e1 nre :a hoog p~eriod of. timie. to I 'N ''Y""' l

po~s,- irle situ mtiorn' anI t'tctnirs hyV.A roI as'' I 1 ýThe fs Ien ding
nn w itli r feso Ithatn the ilecisiornmaker can use. The-y 'a l tL of ,Je'i~srolo-

both pro and Qon, bn the' use' of war gaming for 'peur.i ods so'newhat far

j1
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remo11Cved into thle futimre. At. 0.h0 present, time.,11 CII: lear answer oil tile ip
plicabhility dgamn-ing to remtote future time is Iil.What ,ed I
tha;t as, wve move inlto tile fuLture the problemis of prediction AliciAt a nitinivet

of1 d ilfcrent aspects of thle game uand increase our ilieitie s.
:1iecsl problcems Of selecting si~tialaions tosttvti tsovelSoetie

the solUtionl iS based .on the 01d'en ofSpecialists: someltimeý It is" blased on
ani rbiir'uy tif(cision' influienced lby the fesourecs available to the gaiming,

"l" altd orcins it~ :- ha: oilit thet "1 ai l'5'ttii

I he' neixt step InII ifllu''l is lo prparc tiC nt~iiut'. 1 he inlplut. onvt I'l

L`,tibISlsb ;Ii alon With H1w tMIIIH11 Illato ohC tbc ltCiVUetive and II the1 seecIon f
* . situit ots to he coliskktied. I hi ce main types can b1e dtistinguiished: thle inpuit"

t'kliltA ed to 2ilIClinelk- lotUI Ill c' euntex it1 whlich the( weaponis "ill he usedp

tnt ilupmiicuit VUICul to itiblish tilt' Opelatilig ci ataeteisties of thec wilpipotuý

aiid thle inuptts retluiicd to 'it iblish, 'tle, ellectliveiess (it 'tile "'Capoint.

ill atternpting 1to dý,'ltue tile liteale in cennie.. secveral imuajýýr choiCcs appeat 'Il

itt tttuTmi I. li t', dii.: lCt ialu mi ti1=111110nit~t : III 0iflljeetie ltilt ike, Otil

Ii Ei w t .meiiitg at this point. Ilie ciitoiccs iticliie suich ciltistiotis as,

Does outr primlary" concernl w"Iit evahi~ating In f'fhc e ees0 jt-y~
li -iieand .,Itt t, .dtie itacv ilt coniitat tactics' 0I- pcilrt m'ý WC~

1MilY ;1.,k x'i''ettmei ohFX0rtsticmi i-, 'iýt~ll Iic t''v,,Liii ill ociiictvi tttd limiitedl

HOuW cititipli's N IxittL'rmi tof piulitCil. fiilitnm'.W) CC010tliuitii loitettik anid

ijtilei igejI'Ce t2VemmIN tOF Citttiti~itt 'Ji~tiiult he ittliCdit 7L

lo Whit exteril tiliiitil'i We. Iuittil or uiit tol~lind tIe ctioni oft Cmli' side'"

I Iic "nsvwci s timt. "'b~iv ie to til.ý e rlse Than ddeIctunintm the i npuits and' bttmkiday

II idif n vat :In m is .!,:I e it II vii Itt t 'itctitu i Iute

Ifst it'. wal ku it pcIIc ,kil il ineout -n-ittuitt l ittir lwil ecItaiti- ettetis

sI"rtit Wi naylitC Sid thtthVi ?r' IIi Onl iPL OWiii li 'lýIICI ih;1Idil L

whctititi-ic inpuir use ifll of2460 lIt.le Itti'. 111 inch11 isý IMF ni fliii itwia01 intl

*the cenenme iltcitentan will be. sinIce both of usl tua\1 have' to) Otpem ate With

*limlited rCe-GureCCs oI tInder I e'i-~ i ~ I'; ILI a's target sclecJ~Tht, ilelive k

ealitttlity, etc.. are etolicernCLl.

-fIo the othuct ba111d, ilW g:Itne Is k.0ICF~it~lC itit filnte W; tlcto
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thcrc is a lat-e selectionl of possible ke dieS. WiLl i i lct l 5 inach 'loca le

wilvery I ikelý' inlhioencil evaluation ofi the citetvnl ';oi a hpthl

weapoif' system. Ini addition, thec choice of locale. will ralise p ihleIiis is to HII
ut\ i which I lie sitliatioli ee ne LClk1dSice ic t peC of atio IsI that. will hie

taken wvill depend onl thiS devsen' inputstto he prepaie( j

vi'l hie intitienceil according~ly Facti or's stichi" f orce ilvailalhiliitv. titisi

avaikiailitv, log~istics feasihilitv, ivs we ll isý lri ti and weather. mi.1t N-e
incdludl.d. All oIIfill- wvill he aaii isi aS :1 f iit it I N il id bIii4 i 0 1' )li 1 M I iK il-l

110111, anti ob IIV ye 01.Ol'li 0111 ow choomiii j I'. l .1- wi- 111poso pi~litciii

d lillld ita y' cowiti hiltS.

lhe second tN`W Of inputI~ t ilt'p u'e'r'eette l te\ ~pr
presnt adi~tiona1l eq'rLP`cI~tS. 11 is; 110i stl~itillici cki ieievto kllott liitidw.aie

elitiaetersNies 11ai.) oiduti ioi il Icountc imlportalit: ileplovilieltill:1

liaiv to hle establishedk. I 1t f Su wep N I LteII is oiIeC C0 1f' 
1 -1:y. toL li -ml I I eiL I

wi l a in in that 0., reIat11i onI toit' th. t T wt pt 11 1 a ! I w.m b

"seeI "m sunar illpiits will ha:ve ito lite,;ulleI tiu le w i !ie ,sstIi

A 11t 1 l IYii (tyn l11 11i is I rqiliiie It kcO bii lli 11 .' 1 ci c ' i t Of iW %VC ifi01

tIl I k 1: t1,ý i htIII II I t v i Ig.tiui 01. I; 1) 1 1f eiI lil l Ito Ildl lu it tIn I SIk I' it ` -I 'ii Ill

t 'l I' I ' lli' I ill f ' Ilii w cll "Ii llt ; v. IXt ll II lkt I 1111 .1 I i ic Ili t II ilIl .-

11h l In ' 'It W t, [IrctIt' i )11 II c li IWil t l XX 111 1 12 .111:1 I I I I I i Ir lt ." k of 1:1 'l I\

r; I T I i I ; I0 I!

It tiiio I, vlMili~i tic corec Itilil 1' 1 l vl II I;] II II Il II

reqtiire': ottiiiiing o deellp ll idt till" I Wi t illi -il glalg %\,.th inkv prirYt 't.

tdealn wsll Ishniclt ol tile iCeil -rules and the. adidieat:; 11 iol I I h~.Ii2l'dl tvhat -
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will he used to enforce these rites. In sonic cases the rules aid the inechan[sill
art, presceribed in advance so completely tha-t- all the special- events or niiioeS
in the gamec can be ass'essed With little diliCUlty. 'in the majority of gamnes
in which any degree of complexity exists, this is, not possible. Thc- usual

Method for dealing with the l;,IttCi Condition 'is ant tiipiring ort control system
* -whih dcidv, onal cass where thie data or rulcs are inadequiate for the

situation. The' control fulnCtiOn is a1 Wa1 Of Using judgments to fill in our lack

oIf data oi knowledVee. The 1114m11911nts aire based on whatever evidence exists,

p1 is as mu Ich exl pert Op in ion as can lie p rod uced . Ini many cases thi.se j tid g,- -

Auiie mc ot particulairly c~ritical to the outcome of the game, hut are
necr mary to I Lcip the game frOml hogg~ing down when -a situation arises where
Ilik daita ol iule:-tre not conipiect or clear. in two kinds of eases, howevie r,
judgmentsý cant be ,-verv critical. One case is when the judgment apphois to
a1 pa-rtiCu~la e vent srsituation mi nipmrtant that it offeetS Othe entire ou.tcome11
of thle ganii~ 'and lne, e' aiduiion beinJg conducted. The othier ease is when the
judgment llpplies / ome set of actionsý or (\'eiits, which o~ccur with ' Inch
greait fr-iequen in thie g'ame t tin they ziisiimiilatc in ai tra-,Lcr !thai affccis

hel~ evali atjomm. jiitgil ic lit s a hi i t t lie( etffccts of a weapon that ill rscd it mtube r

~i ie ntegamie -tie in this caegory. In smnne situiations it is not possible.:I
to) estallll Hi what the effect wilt hc w ithin several orders of moagimitudeLI. It the;

-analysis; IlepeInls Very heaIVI1lly 111C *the dgment. it ma ey Itie licessary to review
iw g:1 nle. in kinig deea idi-eI-'iii values h lt~l WCedC, Ill* ddletm ine ho wI

"smilailvi lilt rVlheitlio i- to the judgmuiimn.

Thie next step Is teplay ofI the games ['there are nmimmm d ilfere nt teclimiques
for cirying ouit gamen play thi t wilt not ht- c~nsi c re lihere. ~Iowkever, sevevalI
Nviprit'l I I+ iv d Iit)~ jemIl 1inav a- %ortli mnui ,in- ;.ii ( the play (if a gamec.

whereC a1 mtIIIIher of ailtvrnative )liove,.,exist at alily givenl tittie, only Oncider

* .naltive canl h-e enminlc4 Mrw ainy fiveni play. Theoretically, a type of gamning I
could he utev, opcei thitt woiiid exnlor: 'ill the ailtchinatives for all rios'iibte

vaIlUes t1 inus oi~cr la ags(if uincertainty, with mu-mly dill ereiIlt vIto'S

I-)a I, it n to C:cacti actor inm v m.mll!jmmri vvhel han

in eXPenive, indirtakimig for gaines imivitiving tuimanii dcisjctjlos
i~ciealt, omweve. ;I &iaioii111r tin 11- h na'viis :I,- \vto il( of tld0

pldptrl(tn'111 imiCILtc 0r t0i6 intitilion evltcrci'iett at N. sa I l ,nol; h-em
in igiiai 'Ild~got ,Iik af( 0--dllY theC ~imltotif the- I'''1vt '. : i i~i iou

thlese: illitialj wssililptinns' md, within limits, miodify th c I. so 'in Ole
r~-silts i (lwf rent iss mptio1nS. tile- cas f gA.Mii pl1;yV thet jogm im"Ausd-K

tt elect one alternative rather than a~ohiiii dhiring the play oif the gamne aru'

aiddd to. the: Orii nat a.sniumptiore; and serve to compoulnd our anialymsi

itiil -o lem.-
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*Ano~ther Point IT] game play concerns the termninationi of a gluniv ]it all
Ou~r parlor and athletic games we hiave sonle form ot %top ru~le,, likeý the

"checkmate" of chess or the ninth inning without atie score in baseball. We
kno whn te n__ is_ ve and we-know who hz;whn. Inwar gaming.wY

someotimes know neither. 'it 'is truc th at the gameus come to am und anld tha1t
this enld ,is.-:sotnetji.ies definite. I IOr example, our weapon system nmight lia~e
completely, des-troyed ttc 'capability of the enemy to. light further in anm
eff'opfivý minliti rv n'i.-nenr.. :1here oill may he quustintis abouit thle long-term-I

solution, but i lesni are neIt critical to the evalua11tion of the system.ili Tis type.

oif teriffination is very ra,-re. Usually wt; are left with a situiation in which part

Of "he tnlifitai'y capability of both Sidlý`; h'a -ibee destroyed, but a residdil

capo Iiility exists toAking it possible to in~dicate ways inl w I-Ili indit-V Op~'~a'

d~ons could couiiltne ;Ind enul~d ý11 eet ourl evaluattion.

Thli'Most frequent termininajon oit a war g-ame is IN all adiriin istrativc

.decision t Ii t the' gillme1 will iI-weall no more significant matc rial for analysisi.
AJIthoUL 41 this meIthod -Ql` ter'ImiutiOn1 mlay not be :orulpletely~ satisfactory, the

present' st"'itc of ,%ur 7k dwictdno Oflers no bette~r substituite.

"sh p 1 i aligi piy iS the COHIiSe i .. "1 ii larlge

amnouit of ml ornl-dilin Of many il herewi 'Kinds is aQC LimIfaIIII dO. I aebCI nove
Cycle inl ihll!', inlvolves atios taken hy 110th Sid's. if 01Veat ali

of, ficlldlý lotc,, e Nca.pot~l~iis. and tesilireeK lLw olilletiV(- 'if, 1he alloCeatiolv' 1
tile elIl liini olla11"- Of fo(rccs. weilpuw1i, imdii Re,LoiiccN m jl I hir tihjoetives:ý

and throileIT :.ai iof edir loitcl-play. 11 the ganit' , sI I uat Iion isý very br [oadI

.025.' ecmm10 oI nIv cyclesv Will eeetia ii by 11gi1t01. peil icl, ditteiete

On,' tý'ne of nIwh 'is i* ový weit;1, evaluation of thc gmitn. Sl~' P1h h

2' varimus I Io " cs Co'trihntc-d to fthi. final onteonic iTji is vt~nlctiines.

IVa ,:!;I~t 1ýýMt'(2 A hegitine outlinling ih ationis oild re~tl~(inte i'

Of 'ni n I lRie ii' itivie tuis1 I lipve 'sve1rai 11 ' iP;It n pi oY'iii

Syntloilic hiistot- III which thle V Irioms eontditioni-. totIi!ic m'.'"

dffcet ini t1I11 iseof th e we llccipon ,ystcn Ii eon he :ippiee ated, , orI s~ii

6--cntiincd to determlineL their ilibi enee. O r, it may pi ovide .itesýt bed Ui

w icil h\ Thitin'ill sotlic(' l thc iniitial assiniptiuis. other: ulternatives inii th

k-1w ot 0P wvaol di vtc-lll.j Lpulirtion. othr in encapon es-4 nite, L;ii. peIt

(4 it to . talsis ofL wine"' par[ticullar aIspect. it- thle Cae wOf a epTt stei

bot e OPt, ell cctivelic's of thle s'ystvcim nuderL' the dlillerenft eiindi tIOti 1oil

at I m; dlzr; t
bhe course of tltp g~ytme. Fý)r exampleti, we; miay be interested In

things"-ý as the n ibr o ii ijcC; I wie N '11ani opportunity to cottmmit the

pr~itccd pi uit cc'inittd, and the
Li12 11ednumber of casýuajltieisp~ie e iit



L iii4 stl rcl.'jitl e nt :, ltt o oblain a tgiti'i. ILA l 0t cellCd ivt'LI!CSS. III tl`C'.e [,Ipe

4 ;Iil,5 , ,is lc atbIt th iloi ccrt 1it~~It the gani I vl I NIt'II I
signc~k 111aci" ,1' 11t

Antotheri tvpe: of, nIla i\55 is CttIICC 1CLI 'With the' t'aICtOjS hali nil aeneCO
cfiiectivcrncsso ttl 1w syst'cmi - -troi poittic'-i collstraints livi oiellliginFce

* requnrcnwritsý to wcather tutu ter.tn Cnondtitions- 'This tvsi'c of ma tasisý Imlyt

*he 111111 illIepenI(ATlet OFth 171ic Ilalt 11iunt m1OVes1 nl HIolc. ,tljl uxtttitjitill"CILt l

of lithe IImat Siv sitnatitltshat deLVelopeId InI term~s of eio lcivn'..

Still al 'foltth 1\ phl' Of OFUItýtI sI is eo)iteettttLd u th IkIi iletl l\ Hipt piiobhluis. hol
exam11ple 1thos-e that-1 arvisc III OhL, iejulovtoetuil. empI~oloytoeni oi tpet titian ol kil!-

1i~p~lleleil 5 c~io s~ieil.III thest7 ctencs 111C naill Iitlietittit it thle arlakhtl

Ils.liek tik b jindicattilthe piith 'llr Mi t SIN ) 111a1 It. CIII It' o1\4 esl ;I~titet IIut l Ilild
1

tWI 1111' ,,ltt h' ; I I Ii1t II0C I Ii I 1elt xi% 1 i i l N Ia I Id Of W: 0\!, colIl~e ii

lt[Ijtly 'A'S Canl .be nadi., ;iIe War gairte ks tericrallk .1 IsiltI Ci' upiti tilS."

Z~tttj(_LiteS. and j odtzMICnt; a.h~itt the ptýrtietllalr atta11Ysis kltittt cu'l~ciaiket. ils

W hell iu isil aoil'r ptli v~ling Co nc r. dataidh (1th l

t "'o extr~uittt poisitiios ils ot hisý p111iii hlj hav hcci! ben ikcn tI,% pý-op

Wxilli h~tiii~ te sit i .n~ 'n sii; i'v Ill O i jlt m is'' iti oflll pk).!IIi .ý i

Ci sil ic md tilli.i;1 111tit liiiý ;It ;,ml (Ai eliiieKii~ titi la il tS-ýI

ILk'ýlfte'Y ar , to 116 be m i ah e' basi h ait ieisklu. thii atIw , ' tt ' I l l lii ' k

mtits i o ilr lcei th qe :c wwtii c l k. ett l cc itit~i tdtltiul I '1 i\ t i

' ii Llett ( hi till '% p t u ottl( ,ýld 11,i '11 i;

itý siiii lu-i k. tit'' iut 'l ist I I t le t [, i to ctiilil li lt I I "11.0 i ' il' i l'"

1c, :i1- tut iii I s cit :ti tic in siii I' .0s tsS ion or lliis i lit lt mt;IIII !o itt Iii

the IcIliliii of thil -rIllci ~ s~bilis.ttltl ll itiisitttiie o
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X~oihi pl-Vei'i -I, ii. whcn opurtos ieI l time Int hUs "Cl OI P0L"!e

out of' CqLipmlclf hlint wil' lrIltid il li IWIIZn At HeIC time' IL MIM sei

NCULLItiQtS il11i 1ILILLldIL1IS Il (;I,, oiL ofl 111i2111 plitt I lii Ilscv

tilo nil1121 ScicLIfiliL: Ol~ort 11:1" Iicci cXpI)IIlcd hitii'rto ill. lhi pIlIICIictYll Ii

II1C\ itCViCts antdi~ k HUo l l l Lit( Iii PL HX 'oe \\I t'lal ve 1a\k got"'. I ite

.II lb 1iill joi i l I :1 h d it iii 11(110 if , 11et o iii IN . 'l L iii? d 11

I i iiiili I II IUtt " i c llI Iit Llt- t 11 L 'SiiL''I i.'N.i liltli-i Ii I fl2C iL tVl ii Ill! Niro ha

Li , trioW piLI, CO M 1i ) 1i 0, ill. tiC IL ;H 'LU LLk I 111 0I)e iLI ilII W114 p ollt Li

LitLI~tI:11 r", il't I :;lit ctiiitCCS. lirill 0i!11V N~LLIl IC:L I il\ill

Imp. LIk m I L ' 1 i [l LII iiliii~~ii 1 i~. Ill- ;I I i 11,112 121k (L i ol

l\ -J, IL, ii S l i i Iý: I kk' ý IIIi I i I- !C ). ['th,I Lý II -'. i 1) ~ L it % k ( I N i I 'I' 111 v,: hN o i i

Ui kL-l I cI a1 1 %k v t I I IL I S t ILII IL IL li-1 1 L1",A I r, I., I too I ~ 11 i t1i l

* P NI- 1 IIIA all 1" I ti t.111 I(MUIPCL 101itilli Ri2llk,"A . /' ;I~ t di'iii fl i' I' Wli[ W."'i

t\i 10 I I. L Ill L -lit t t I,/ckI 1

k , 1L:II I 1 1 1 1 IIIL'IC I , wIII/

't I Il I IIc " ý c ll t(I \ !1 il m ý il :
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knowý wi thin fairly na rro14-linlits how mutch tile systemis will cost, anid we are
rei1si'imhlv conabdelit about when they wvill be ivaihlhice. For purposes ot hiis
analysis, tile an~lyst c~iil takeý these asL givCn1 fie can systenmat~cally compare
thle various alterniativc forces hc unight procure, amid onl the basis- of sonie
appropri;itc criteria, suchi as thec cost of de~stroying at fixed target complex,
.elect thle optillial for1Ce strUeLIrel. lie nlay still have to contend with scriouIS

StrateCick aUnd politiC.'d unIILcertaIIIintis. but ;1boult thle partiicular purametcrsý-

By contrtast, %Nincii at uevioVC0Ir Hle decisionl is; rCCqu re-d, umin rtainltv is the
keynote uncertainly about when Te!le\% est creations iIl lý :1v;1iil;1ibc. howU
mIntlh The)' Will ctand h1ow the' will perflorm. To hoewho halve had even
casual contacts, with dcveloprolen 1, [thc fact oh tim'eritainty haridly nieeds elaboral-
tion. But somectimces we (conveniently) folrgctý hkv owfir ouir [re~titleions have
misse-d the miark in thie paist. F-or example, we hIave fotund thaýt est ilimtes of
cost, of produclion arle SeIldom1 wit hi n a, actor (if 2, oh actual costIs. inub not uin-

comnmonly are oil' li faictois of frol a5 !o 10-1 Si milan lv, slippages in lime to

operi ltional, stlla its of front 2 to 5 years arec liot unuILsual. PI-1crlo~alace para~ili
eters, Zre gene liii]- I ii (C acAHCurt. hu~t evenI here d illfCmen)Ci Of 'S peI CC id
from orhiginaul csdin~itcs aric iiot unconinim~n

sliimpl say, "It's at hard world, bu)tt wve do) hatve to ii lake ciarcsAll WC Can

dto is conlstruict Otl liest cstilvl1ateS pOSirs)Ih, ;e mdnake choice,, mi that basis''.I
in Otihcr s ill a we c~an do i, stetl;lh ln"'pronmmslng <e~
anld, us~ing oar best c.tiiuates iii Co151. 1 ierforni.Ance, :lnd ivaVýilahilityl, choose thle

((lle whichdhl)appeal cptiooi'l.
.ito the trouiblue %with thi;iiswl is that 11 i''ilkircs.1 diniipuot;ml I (let aboui

(jeveiopmne~nt.., ianmehy, thatimut!a 1.lnC-rtaMIltv C-.III be aInd :-rdtcldit4h s devel-

o~pmlent j)rI'cLceds1. I ý1 fact, rcdichiný uncertaimnty, or acquim ing k nowledige, is Si

the whole putrpoie (;, developmnent. St', 'hems micvclonilniesm do not-) directly

I i(idImCC iV(lcitilll'scm.Wa thel,i tin plroduce is knowledge
knowledg.e abo t hi amtcvciiigtrin will wo~k- oUtIwhiCh CentiLgUra-

tiorms are bes!'t, how. ni~ can he~t lie IlriAticcil, anid how vairio)Us Cilmupmen~ts 1
'a e~ii oitiiil'asiie smiitl hctollng vdllele Not kimowlmniz

aiboiit thiee th ,; silict ca- i u initia! -umcotiiiltv asoiit cfsts,. 1 alb

it)' atie ndl peroin (Immmice. Aceiimdimmgiy, lciarniii' tihiuit tlietý Ilihigs is devcl- :
Opnien-t p regress'st- j-dIC. 01iH irileemAtdaltly.

It.,(iisic inicertakimiv is reduced as dCVelpui0enC~t prgmcscs iticat oiiftmk

2 efrac 'intsIcnid to he, mooeacclm at silvhca ontoflcy and
time, the 1imber two vAl niables, ,arc sacrilieccl to meet origi nil perfol Ii ilce -iequiiie-
ments. Whlen initial predictionls ()n. ava;il jhility htn~,s, Costs, and pen ~iiimact: cannot
SimultanHf'L-;v bw metýI. solintthiuis Irs to give, and usnalhV tImi -Isuriictluimiq" kis
combination oif the flist. two.
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development decisions is one of selecting ,an appropriate strategy rathcr 1hiut
one oit selecting the optim~al system at the start. Sonic alternatives can, of
Course, he eliminated "op this basis of Miry studies, but therec are still likely
to he twvo 'or three an-irig which wec are. unable to discrim.-inate an tile basis

of early estimate,,. Thle problemi then, is to- adopt a development strategy that
will provide the infolinratton. necess;ary to mnake a choice. This is likelly to

meanm initiating a devet opmnirt.pjrogrcun that. ,At first. iscrsstenit with several
ddiferent enal-plionieS. Thena, Stage by stag. as developm-ent 0,rqgreswSe the

various alternatives are rvi loated, arid th menu is narrowed to arrie at

hicfac i ia.Cvip"ci rýJ-owin ut. D~

perforn tanee. aind about' availability dates !has impar)t-itit ~imiplicattionis for thle

coInduct of systemts analyses. The pa'. ihrlitt' Of 'e lCOu, uncertainty addls

another d irilesion to the decision piwobem, It is 110 lo1t1 CF adeoquajti- ontly to
ask 'which anidng possible alternative. t-nd praduc z appears optimal. 'We
must also, ask whether it would Pay to. huy ioniAC information. that is, to
undertake development tip to snnme lbite stage. beole a finlA cokce Ns MMde
Paradoxically, h~w analysis nene to 1-nvii te a basis For eCnilitC ice aong

promising alternatives in il afstt address itself to ilic (i nestiOnl of' what choice

itw is tualfy appropriate.
To illustrate this, consýider the following sill -1tiC examiple . Suippose the

piolulem- is Ito decidev on ni CoufiSe 0t' action with respelct to ;t fttiture t( 'HCM

capability, We ha~ve [norroweil out- earIll us~ downw to *LNý t)inirlnisnn,..,ý1
natives,: ( ) Miss-ile A. which uses a. storable liquid pi urlillatit. aind C I Missilte

11, which uves a s;olid Iiiopi-ffant. TOa sirniplif\' thinrgs letz us, fi lithe opt.- atioriirl
da~'es of thle sysicut aria Iis theu capability- that;* Z;ii tist betiaial i 'm'~e

(if course, these v,Ail rot be fiXedi. I1 fact. a'; I ailt Sure thre reader iq Mware

m-uch of tile.. elfor. irs systcul-,, analysis is devoted to exaurirririg alternative

svistemr capabilities to evaluate their usefulness. Blli for our pitrticiltr' prilhlfeull

we carl take the' i;ipibil ity as' given, Withl-irt dIi ii, 2llty VioICle nc to t11C
wu' i ieut. and tecyredurce the numbe of %a it .m -mutely eý-ts. hi ''l c!

Wha %,c W.lrt eril isý to achieve Ltie glive~n capi-abililty 11;l;-612 the g1iseur till',

period at mirhintuin es w recos"t ik defind 'to irelirde till awt., oit ievel

a'.cu,t .ofiiu'i ir uiiuti and tmeise';tionur -When confronvted with thisý primlrr
tile dccisiounnaker' is., of course, 1irreertlirr abiout which ait lil't:o 1lter AI-1

niatives will in fact yield the roirtirirti cost. I et irls ;;lSsnrrrre for' t1e saeOf 3

simplie example, tirtit his best judglucrit ahort prIinJiDlhI' Costi (11 M issite A
and NMissilc B ,basd on)i ;he informr~ation- :available ito himi, is sumiutarrled in

Fig. 2. 1 .This, tittui, hin other xvaTd~.,l, 'p t;i hi~ esou estirratet-. ol the

probable costs; (f these two missile systclirvs.
lIn hritf, (Jor dcc isiOnimaker is convinced that kylissuet A wkill east cithi r

$ g billion or M l billiotn and that these twvo are 'eqfraiitv l probable. Sir-rulari
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u(oi statle o1f'1 the Wof 10 I) ib t Il isewC.,1%ilCe N~lissif A Costs 8.0) billionl

and WARSlk 13 S 1 35 Iflil.l S- is tlc Case \iihere Nliss-ile A costs, $ 10.)

hilI~on midt Missil HI S 11)5 Mimio (21C. WVheinou Otll eCciSioumaker is first

confro-nted with th llw prblem Of cou se. hie dosý [lot, know which of C'esL
fourl )itnlatiollS is ifl fact tl'Ins It 1kc chooses Iissilic A, Ilh-Lt iii, i' lhe (:Ii :w,;

o il theC h~ i Ni (I eXp~eCte d C itbS , allu if (itll '-i ' S I o l S 2_ k the title - state of th o5

world. tiw choicc of, Missile A viIl hwve bcern best,. But if' he cllooses I isu

I i;i;,: -i li, i.t on. the wiruol hoii . -

PI,.~i .,.'e uniappy. ga ~ da iv hl ing onHa roor' Or& It

%i would vciy'ý riiwh. IketV In"& hil K lie oiiiniot get nmore iiufornination ais aI

bas~" ill t a is dect.isilon. tie t;ihlIoL inlilni'uoe l ai -. 1tigfllitfoi s\\ ilrd cliowee of

NI is~il A. It is it this point ilbit thi Secoilk! ohscryation 6tcd cir-lier tlholt

the. IaitLi Cot ds VehtlInIent l~oi~sios rlcii.s tint. Thie rvsdol we 1iniii rtiake lvl

opii cot 'S I-icouss i~lv to gt intoriiit it ion inforiiationu tha t will rei.duce uliieer-

1: hisIvý1 ()Ill dlstiiiat lriakiich ii, al oii utcvclllpiiid cl ililpiios Ilc r m l 01 J.Ai.de ilt

iiijlo\ nu th i'C->,its he xsoiinr d t ox iply clhoosing, Missile A.

l~o ilinstI~iaf tlis,, let 1us t:ake tflc estriicnisc inilse how iiiiieli it %eýoith

he wvorTh [n himl tollano lit xith !cr,iintvxsb~tich of the,, foor situittioos 10I

Male 111 is Ote ItIle state! of affilirs. In other s'ilnls, vse :aw no'w :1kiiig

how ili iilichon ,letibioilip~ikir woutld h( williil!"i't) piy toi uti1triliiiii \Nhiicl. 4f

0LceU Iu MAI ct~liuilk U\ 1-sibi. 111kiii .- uw i t.r lit5~ ijiei iJ, Bt hitus lc! t:',l h; '! hi 1 -..! ,

lie ik litt which orf Olt, foilli, i' If Hei. whieii lie is toldi Ilit i'tiiSi (11 S.wl ln s Iikk ~ ah i h~r.ieius hi.s In

S istin -hoifl..t: Mhi! -A;,1, !-iut di .hc it h5m iucosLwct-hib \Niutuu

lviissib. Aý asid wllcnecvu S, & tUlc h15 wil mw 15 b ilion uovei whitt Ilk~

CCI4 \\QoUllId x h enhilý' )CI lit(1e Cluimu,(n Nfis'uk \

auuul t the tho o e le has to i in I lii u, Ilk lii yei it k

Mu ho (11i tOW IsII irWill fullu out ito he trie- Iit I at f lk: us uu1 ). ec scqii

likly to cuh he Iw is assiguicul Li jiinilihility tutf () )S tliait ii ill he the( oneý

Iathdu acla 
1

s rxists. ]I1ciefue. 01,Ilk as'uula!CM C,1 or ' ep iuIf bas'iilui is f ) t .i~ 1- () i

hlljl~io.i st 25 billin piilu;.I' - 15 hilliou ;t.iSll o.u 17

bilfiiii ill i~ll In iit 0111- WIdls, kiuuuwiuing whichl Ow flit l tuuiii sitiouiuii ichlutllv

holds iM us klvsoh Si (01175 Thilisn to (Or dccisioiuuuekc aitd if thee is aml Wi'

lie Lau eei dot thi ii ruotitoin itl Lk. coit of is iri (l-ifi Euikllu 1i . us ill 11c

--laioll~ll or huh~ -'o d" sM. IV he ""A SPeeiMe it hut: canl deletimii"iiiiete o

o tie WO ufte'tiultivesP ansh hio itthi kito devftpuit t. -11 ca ulfud

toi sp.l;Icul l hi to "S750 iiii iOil oil 0102e of the iiiisilcii' eisen thiough~l it is, q~vcii-

tiuallxe unclled.



232~~ PiEC~iA . ASPE~CTS li.1

In the, real -world the problems taccd -in making de1VelopmntC1 decisionIS

clearly are inviih more complex than in our simple model, but it is not the
purpose of the miodell to rdflect in all of its complexity the real world situation.

Nor dto I want to le, , e the impression that RAND IS engaged in constructing

such iiiodelS, filling in i thle appropri ate numbers and applying, them to devel-

opument decisions. The purp~fjose of this model and such models generally isI
to help us understand the essential nature of the deve~lopmenL decision
P-b. ci so tha wvuen specific analoyc~siiscrdou -i cal edo. property,

even when it involves no torilaI model at all. This partjicudar moldel ,;hows why,

inmkn ud.V(LIPiloCos deci:sion-s,ý it is ricccssiiry to take into accomnt miore

than our currecnt best estimiates of how patchrsseswill work out.

The alternatives open to the ilecisionmiaker arc not limnited to- choices amnongI

particuflar end-produicts, that is, weapon systemis. To hec sure, hie will' Wa.ruIii.)o

cuni- r edn ets- but,'that is only al nart of the problem. ie C[willI also
witto talf.e into accouint tie possib-.ilities of initiiating dvlpetroan

thait is e p&ir l dei -ednt- only to htilig himi Ci~ser to :in operational1

systern, but ;dso tO provide iniornuaiiiouii. it husks fm t liomul duko__ý01ito 1h

made later.

First kimportinemoft the gi toalystehmsel alautist cndal an thilfl e nature of thiie~

The,, impd ortace of thiet "for YStem ar11SIf1)NlsI'. cadI2"t .dIV tie oveiemphnsofieil

prohlem., he n .)ist recognize Ililit ehoosiiiti thr wk-miiogly optinilii sysAteml nOW,

on the h~iiis of whatever informal~tionl ha~ppenls iki he ;lvailhlt,, can ki to

far fiomu opthimial esmltl. Inlother, wools, tic mstA fosite right set of alter-

lia~tive oofse m- cion h ls or himself nod the deccisionmaikvr: -Once lie

has ; flhat , k- tjir 1V tv)id,:_ a-fil ;jnalvL wvhateve infornlati-n is availablL

and ieievaint to that set :)f altet-rnatives in ennltisw ill me;I' mitir Ulm~i

* estimnliting tile expsected cýOsts of the alteriiitive systelm under cuinsidcratmiul;
it meanI cis inore than quoting the estimate oif $.0 Pt)illion for M i.;.;le A and
thle eStinate (11 S ii ih ilon lor Bv kss Iciii paili enlarly utn or-

him to iriclude~ these four audditim illi mto 1w, i

LHow touch miiccrtaintv exist,,.

2.Wha stp cin be tAken ii> reduce iioecrttamty.

3. Floss ou-h it will cosNt to rdc -ietijP'

I .4 HO low toc11 iliieeftairtv vwilt ibc reduces)! ;I,; devl:,o-pment pr~r'c~

j nfurtunlately, ink reot-ltil applicaitionis. talc ilsse it) lhese qm-esions

4 1Ciek10 -l 11i available. [or -thle m1ost pilrt, tho:% tinl-t be ojiis.htitat v, ;md eveni

AMCR IL rLill ntitittiVL ansswer-, arc enCMIUaiv ;at1i, itn pa mt 3, the iy . temslve

subject to great uncerVItainlty. IL is worthiwhiile, however, to diwe C ss each of

these inl a little um1ore detaill
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12.1. q-OW %MW!1 UN(EI. AiN I' JIN\F- S

T!he probability. distribUtIOnIS WloCh we tisedd M 01u1" little IcX:1111pl to reCtit

Uncertainty about coasts Lire. purc1O subjective in the sense that they snummariied
the. "feelings" of the decisionmaiker in iicgard to how nmuch Missile. A or
154issiIC B3 might cost. The problems of tryinig to construct suchi disfributions

for ~ ~ ~ i cta ytmdveopct obviosly are coormouis. JusL to mention one,

for exmimple: Whose judgmen-t ais to the la cirof these dis.trihuitions ,Jhoild

we akccept'?

Nevertheless, it is.-importanlt. to get '1on1C nfo 11001 h1ow u1Certainii \NVC fe

abouit our estimates, since flic atilolit oif etlrto to be duvoted 'tt loirng

intormiaLion abOUt Var-ious altcrnatives icený I toot lib A Instane on howi
mncertain we: are ab~out these alternatives. It, for exmple.)C \VC had heeii
conviniced that Missile A would co.st $ ',- billionl, With a 99 Pe)r -cnt probaibil-

ity, Ind .$ It) bill ion, with only' a f per- cent prohabi lily;, while Missile It would
cost $ 13.5 billion, Niith. 99 1er cent probability, :11d S, '.' billionl, with) onlly

I per cent probability, then ouri enti tusiasin for early iiig both of these into

develOI)I ne it Would he Coll",idefahlv re lCtll(. It. would !ýC reduced bIc~ause

no(w 4 th1 probability of an1 inicorrect Choice appcai's simall, and the chances ot
Impluvkao1 , our bhatting averageC iqppcalr neglitibie.I

Ill the *ab~j'tTlet, what VT would like ito have aw :-cmup~let ) pron) ani iY-
di'tribiilions ý':ttiwlwd to) part iCita;r cstimati'-;1 It \\( alc t;dking aboult cot]S

vstiniqlutu, tov e;ýmplc, it m pmitant. ito know \0 ltic tie prokib~ility

diniihtions wec attach lok WNke this':

or like thi,,:

- -P
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beCCAuLSe our at611&altil ode ub Nthi '1,L unIOIs ii orn) I ionl would hec co!-id rabfly

dil~ritlert II tilt" jirSt case frOCII whill it WOU~ld he in- the SCCOML Blin StIeli

Y 11,,Jpýee se f'O 11 nI aioilIs Of' Coi ininert i Iinty arc not. ge~ner ally, praICt[ical. -

I ~eflthOgh ilee I netalilt leS IIrC Sbjci. an annot be formuilated

prociwly, thic analyvst can atsolle [eel ing lo(t- tLh kind of thing, part ictihl arf

it'fihe his, had occasioni to, see hiow, such CtIltshave worked Out inI thoq

plast. lieI oi. his technlical Itssovi;ateS C.an SCruLtil i~e (tie pro0posed Sy'Stells to
detcriIitic ki-t tb 'as of tch ý idv'.iflc s ti-x cot In, ld vs here

fillOF(LUcetajtic k. I1'f ther is; disiagreemntcn aninsg tcchnical expertk asI
to feCasiblilitV. thii5; 1 PL l11 ijnli)li' ;1 I4)11 l'4 00d bdO Iuceltai~ity. lie can a!lo
get[ S0ene lCi1eing for Iuneerta Iintý y conduc tillg sensitivily s~tudiL's to Lleterliluuio

hs'enItehi 1 111111 maes iI' ) %-I[ llattm, 1 inl key parameters. What h1;ippent

Io Cos;- i' Lith: iuli;dsle lifle of. "oliki propeI)llaltS is redLIced h- Oper cent, fo

cXalipiJcl! 0 r, wshal imlapplls to cost it' tII(:e u-Site nl~lilitltnne I equired i
IoIII or- live tines greatur thanLI exKpec;ted?

0)\vIOnslvN, Abis. kii Id Of 110[siS !1 n tll'LC aL mate t. lOWIn- a prescrihed

recipe. It relics heatvily on thle JIdIuLeiIHCt and intnlitiOn'lot thle anlalyst, but thcitt

I; '~ jilet hv nlo, meanIS eonlplj k detlydetim 1,11 w le lcfi~lliesS; of thle analysis. I
12. 2 Wiu IA I HII' (A 1- It 1 TN f IN IlI ;:D l"C : NUIRIS IAIN IY

alc~fi'nal\%L hI'; _" jde~l of' the extent: anid snotrce (it his, Ilnleeriliv,

lii,; lCAL ,1;.kILyetigtite whait developililt. steps nigldt fit- mildureilkl

to reSillVC ILest. In ouri esanumph wc Im-t.l Owl cx~i-cwt CA'' CIS C I d!S lt!ImCCI-
taitlt\ Wit% CliIIllaletd, huLt InItI Ik I \vea ll wo Htlj( iro aI, wh\kole series1, I

i1)t(2r1aCidlCt le2vels Of IeChIUee I1l1cerlali'lly we might 1% toy ii, chieve. Ihese.N

111illonla 15Wonld t20l-IeCj)Uoll to 4-ag(-.~ oit (l~nimeI~lnlit lbr Valrioll Coil)lpol le ts.

or' sllbss',stelllsI eelltIlledI~ ill tile sytmunt thy Iuiigbt also, involve CllLciI~llV

Cdusigneic tests, of prmltintypeCs.' fuels, m-iaterials, " etc. If hie is: to lie moust uISChtl. I
thle analst mst identify thV1 Ie stalges ati.hch aidditional intonllatimi will
bccome Ivalllta hiead Nslegest special tests; whcr J)e U seIppeal approllri i te.

c)IIId~iatc~t, (lp 'lethe cm(1! if* one ol hfmissMilSO deVPendeid critically on

t[lie tut ability oht;lin;0-IIe in its eplfdIne'2 system,. I laying pontinte thlis ti111. OILe

Ilwill\'5 sliolll icil l ie n IIl(,Ltc howss nmuh(1 imirc1 wsill liC kli-w5ii ill)Lilt thlis It

I c nii lt I?,eary: iperhapns simgLk-it "01:1t -oppLortlrliitte'i c\ 51. '.1101 as,

''14"vtrie ; i tL 141(tyiS IC lot' d(IC el Ii Iill),' W5 il10 1 1147 (4 iit~C01 lik W ll AS'

SI'Ii441 s ý b1w Ielimii ilit'. pr511 !( wbe vill be.u

I it3 tl{ý% Nil 41 ittI %% 11 1 14151)', t 1SH;Il I:N L'LII I iNI Y

wbeIw~er il. wvill pax to try 10 r'tllItiCC 01!(2421 lllt\' before maiLking aI fbiAl
.1 4 exiliI Isle

po ~iIi 24 1 ~ e~riaul l Sl l'iN



\V 011id1101 I-ilopy to mtake C0ii a n abouit dile cost of ouir two nulssilesj it' in order

to mvake certain we had to spenid in excess of $ 750 millin. On, the othei:
hand, as pain ted ouit earl ier, tICC UIcr ren in~teImeCd ate leVel- :~Of urFICCIrtal i)

it mlight pay to attainl'. For. examplet, We could have asked what it would bie
worth'[ tochange thle probab:1ilities tram In O.'s a nd 0.5 oil ieau of the re spective

!costs to, say, 0.75 and Oil5 (As itmatttei of faret, it turns out to bec wkorth
$125-lmillion to obtan that parien ar redtietion in uncertain iv.)

Trhe in toorant toubt huer. is that thle docisio"nmalker mu1st be aIlviseil(at thle
costs of cargh dsin' tlnfinient to var-ious stages at which additional informiationi
hceontes available if lie is to make thle athmect decision. I mitimatcs- of totalI
"system east ý-!lone arc not eniougi h. I frtunael, thee WMn alU he llner"taliO

abon t. the'se developmenvit costs, linIt onct, apai n the, fact that wec lack eamupleti
know ltedge dloes not. relieve 'is from the responUibiliy of using whvlatever

knlowledge ~e Lit) have.

12.. ilow MU~il UN( IleRi I y Ail II t ilf A';1)1 OV 11 OPI'MFN I'

Flie anlalyst shot tid provide the deck ini-urImkir as best he can w i d some

nat-tion of1 ho0W mutch C,1n he. lear-ned 11w arry-ýineg dvvC~o,,n)wntl to valiolls

st "Iies. for it is the valuec of th is knowledge Which 11u.st Ile we ledaei list)

the cats dto lete~iniii \vhthcr a ijh-oice shou~ld hie mnaile now. AdmIttedily,

thiS is LV,11111IfL1eulthling to do. Nice. iwiit statenieiiis, Nuch a-,iietait
is ucIiik~l~:: lVý A~ tiel Cent ;Ifter tirsi l1ighliý in not po's'ihle. 1ut[ 11ilclci LIL:

wec eaiitilvtcly igimr~ioa We\V know trin'1 exper0ience: that cost etiaesimnitlvc~

Xs deyvelot-miuelit get!s cloer aind cilse Iif tI- tilii article. 'Ac knowv taidy %vi'll

%wh:t call ii' tkamiicd ilhonut tilt, Hight ellirticeteii,tivs (it an aktteitil fromii edits
-lgt tsts, anit siMuilarly tar test-, oI otlt- r types af ckiltipiiieiit. Moreolver.

crtlical 6ltLita i is reonzd teoisl11tthis is Wilti is walited.

Icc~n Ient pregr, tant. thed eSytCI 0 caljy'l '-IffM apitteitly lesgel toPý provh!-ide

these loll!- faClo;S, 'AT have dretidly issignelr him euihduties lo disCniirt'C

even tihe mos't ambition" praetcituionr. Y't'. inl 11:iny vw;iys thet pualemsnl' aiti

teen'I inu01e dififticlt than we thave inutie:,ted. For (o dnetl~i - d Sdvc

apillctit is ii se(1 ttqtttial hirnres(2'0iit rhi~iili LiCeisions ai iCii~ stqp aloim' tltR.i

w.ay. It is not & niatter (11 tlcidinIg it the h(giuninlg exCil0Y Whit 'Aill he

donle tipto ti dateý (d operation, and II le Ciir u a tte111 ,0ll ln \Vhi is

dione in thle seeatLI AToC 1l tkyelKoYUicit itepcd in IVItr t 'u' till I" isl\ai nil

in the first Jtige, etic. The allaly~t, tLbieitiire. mu111t emeOsclv toiltw tff' room

Mnee it is uinder way, andt fallowý ijp! hisj initial xnlss ith' at svi- (it ',ub)

sieqUCIrit analyses.

Ftile tile of the anlahA~ isf o'i~lther cau)jiilicatecl by tw he of the .
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elements vvhich go to 1ake lip a itiodern weapon, system. [lhe level of nliteer-
tainity vai ics frdilm one subsystemi to aitiothlir. and tho v'ariotis deln tets require

dliellci it ticaitteniL at different stages of- deCvelopmenUt.
Even more im 1portan.. in actual developmenit deci sions, operationlal dates

and perf'ormance are never fixed as we ha;ve aISSumed themi to be in our

example. In fact, trade-otis tlWiIVS eXist amon01g the thl`Ue impor-tanlt pilarameters

of our prob1om- -performance. operatiotial dates, and costs----nd, genierally,
carlier Operational dates call only be atchieved at, thle expensc of lower
pefformiance or greater costs, r I- toin h ti~hiding what i,; the liec;t eatuh;natiort

of these three is an important part of- the w hole probien I
!'inallv, jie anaily, st is lso lagu wih --I - , - ntie, ahouid straItegiic and,

political -fa~tors": What Nv ill be ;the military posture of the cret iv live or tenl
yea~rs hence? What wvill be thle altfitudeI Of thle pubflic with respect to defecnse
expenditures. in the f'utire,! Wf,111t 10or11 will I'ltnt-1 nrcpolitCal aligniitents; and
ccoillnitmqjnts takle?

Ini suni-n a ry, the p robhl en:ntnitdit t ilt' ilnitiiation of m11odeCIt1 wL, apo ri

syqtelrli developmecnts is more 1ea;rlW -One of' Nelecting an appropriaite dVel-
0Opiiteit "iliucgy tlizaii in i 6nooing. hie pa rticniar endt-pr oducts. 1-11C pnLIpPOI
ol developi Itent is to increase our knowledge aihotit costs, a11ou-t how Vai-olls!ouiirat ions wvill periformi, and when ihieN are- likely ito lieaviblroe

analysis requires that the aiimlvst iccouniizc thil, lact in hisý work. He should

apisej)'i1 Ilie eC~i.Sionmiaker of* the 011oppotnities." thalt exist for getting and usingI
this knowledge. Ib is is inot ;I simle1[ ja, ntor (1ne III which mainil relianlce canl
bie placed (in analyticalteeinle Ais utitnwtU( t0 1ntit1ot, goodt jttdgiit,'1I),
antIdepretc Noi is ilhen( a1 detailed set oIf t11leS thalt will aittnaieal14211vI
cnsmv ire proo)ci .evelop-iienet si rtttcgv rl~v. . I hre ar, more or less

intelligent wajý's of going ilhoutt tile ii.1 taild the , ystcliit (.i;ItIvI eaniiake
anl iliupnrtatnt eonitihibitiori it' lie rectu)gii,.e" tlie liailitic 011 thle prrleb(1in and aZcts
accordingly -

It is wot~l lI liutlig hatu a net i taiti ty it i II i,6t11 m iie iii i dYjl pltia atr

lthei-iriftivcs. 'htheroader- the ienii out atltcratin '10111ti Whlieih pi-ocnrlciuen.t choices

evil he made, theC IneM 11CXilile WC eat :iii A iiet ocijii in exi-ielcind militai v and *
Politc:11situaions



Chapter 13

MATH L'IATICS AND SYSTEMS ANALYSIS

E. S. OUPADYE

To thle -uninitiated, Imiatenialtics may appeI~arp to l r thw reail hiop.' for thieI
`Oil~tiOnl of probiemsl, of sxsicis -aiIdyiis l been

1-6iSOn an V SiicLeSS1LIii ill dicii ij, w I dI ny COIapI)L.X rlm in tePhysical

world- and, henCe, it IS Lquite' natura*ýl to hopeW that, by extensioii, they might
performl equa~lly well inl dcalinuz with the broaderi "Ind cvcln iiorL .complllex
quICtiA10iS Whuich ,y'stemfs analysi s tri"Qs t&o a oswor. 1t is not only by, mere
atinlogy dthat matheunat i&s m i hit be expcted~ to he pertinent. It is obvious

front- thle outset, and ccrtaitinly jim n euuji V rilesI)C' 'stuCh as th;at Presented Ill

Chhiptcr k, that systems analysýiS i. mi'ere with the relationi.ships bcsweeri
.. large mniimhe r of quantitics. so tha.t!itmore or lcss miithem atics is hound to

bc employed.I
11 o110 werc to Make eVenl at cISuIAl ,iirv(,v of hie litcirature of opur~atuow;."

researe-0.-which is idcuiltIuL. insofaris ;Its ulialytic lotk a1re (:onlce r I ikl, with

swsteuiis :ulis.one couild easilv Let the impiniesionl thai success Inl this
fieldidl (k1ld~us oil v 11)lou;i o igl kowledg' iot41 certailIndiathe sp-ecial liiiihiiiiiiit eat

technliquesC. uil fact, lin its rathcr short tife as aI u.ililei disciplinec, opecrationls

research has, so fiii iuly adoibicl certa~ii took.l -i;;' 1 rogu';11nuiing, TMouite

"('fi16St'is to SLIM to thle complete atictivty.

"Title dliffuCul1ties inl prolem~l so[Viji rangeI 11ro1 theL phi1t"losohicail ov couliýIfp-

ti iao Oir nmatytic or inatheainat ea. 'There is no ec ua-O-ckt em-ioiiiwser

Thc oper~i 101 ; reseC'arch.cliiiuuc nCIHLI 'i~t Intelit inneu a1re deige toovecoo1IlI

tile dill~ienlir tii atithe n;aulucunatilcal oi amialvticen ()I o the uauugc. And "[liouili

they are- dwarflded by thoe at theC othe c[I, it does not tolow tha they are,

nit trotihiuleuuuic or ;igijicihi'mit. I'm' thkis reaon., rcaub'ru; of thiS hook uiiiv find

it 1protit1111e tO kuit- 50,I II)O a tiii lie iiiallwi'iiiti.cau lechnliqis liw. '

pii)\'ed exsti'(i elyr iisetl iil dciI iiulug with a lirmec n11il imupomin luu class of

pr-ohbles. Moreiuvem. :vciu tihouugh[ :In uundeu simuidiig ot, lludiiuduuoItaul coii'-CIpt"

May bie Ilure Iiliuportalit ilitm uiialyi it t-( ' hniqliis in pilt h cae nuorv

elemetary ethod will ordinarily ser-ve, thouigh less citielently- ne-w tecti-'.

nuuj tuec frequently leadts to a new uunderstunid 11g.

-And als systeinr ongin~eeiuu' s',\stcuns diesi gn, S\stcuius iescuurel. and
fusmnmugenient science.
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Thec analytic aids assoeiafcd with operations iescaicli and s~ stcniis analysis

range from tools. likc a computer or table of xandomn numbers, to broad
techli(IIiqns, like dynamnic p1'ogramn' r,[IJI Monte (2jiiui. or queuing- theory. We
will say a few word-s about some of' the mn.ore wiilkVlv UýCd of these techn1ique1s,
point* out their limitatins an d describe the part •hev can reasonalily be
expected to play in militirs' analysis now or in the futre.

13.1. LINiARl I'RO~iKAIAMINiu3

I lstoicaly a 'program'f' is a schedfile of the cquantitv and tinriing of the
\'arimis net ions- ini a plan. It now often re~sto a set of inStruICtions %sl inc i

can be giv'en to at Man, or to at machine, that tells Wh'Iiat to do(, neCXt to 'move

toward the ohjC~'tiVC'Whe1 'J cci taih stagbe is icached. If the actvit v can he
represýented by a imathemiatical model, then a conmpuitational method mnax be
cvolved for choosing thle best schedufle of act ions; this is a mnathemiatical

progra ii.
MiV an' conom-ic, industr'ialI, and min h ar)' activities can he cx piessud (or at

le'ast approxima~ted I by systenils of linear equattions ainul inctqnaitics. When

this canl lie done'Wt lweave linear progr'ammingo the be~st known 'min mos
widely Liscd technique of operations researc, h. mt sential fevifuiies can beI
illustrated by' a sihiupICle nniCi cl eXamnple.

Supposýe that a rranofactnrcr has twvo tactnrics t he first, A, proiltiecs thee

itenis of a ceitain kind in a given perlilhd an1d theIL othIrIt k.pi'(11I'nee four'

Assnume that there airc hIner' e:irstomicis, mne if 11 tisiiiig I'll iikI dininii, the

period, oiie it N nisiiig 2 jocins, ii[d, mo4'at 1P 4. itenis. Si f'plos'x ft rtliur

thut Ai cost S 3 per te111 TO shin fro Ai to kin M, pir eari I rool A b, N,
S1 p er kine from A to 1,'s\ I tier rtiin i Ioi It to KI $~ 2 toiii ft fo N'and

$ f P~omn B t .(TeeConditioii 1ILL illHmi tiajd in Fig. 13.1 .) Whatt sh'ippitii

Policy Am&o ~dite ma'WIcuftriir in-' t" m~i~iniivte the cost of shippiruitt

One method01. mnight he to ship one rtcmii frorr A to each of MN N. iiid I':

one more ttem fromP N: and fiia lly 3ul1ciisfro rnt Bt To P'. 'Ibis %Yould COs;t

(3<) (2' Iv 1 i I), (21 t3' 3j 3 2~ 1 '02 9 17.

lBnt a. better schic'rmm would be to) shll liorut A to Ow'nu h rest I rOrim It.

(Iý31 1) (2 z 2) (3 ' 11 3 . 1 4 3 4 If1

A-s thiis est'?
I Orie M~Atiel few cases are f~irssilile, anld it is easy to fM'frruirme the

irnitnliint11 hy enunlmeratiori. lBnt if there were severaf firtinfei statio~n" ;iad

items,.11 dseos't'iing the Lest ;ifterrnti'vU -mligh1-t take an Lluuacept1afllvý 10ong tillic.

I odcerj in sonric situtiions the numbeqr of eases, mitg1ht make iinalv'~is of All
the;ir coourns iposrsifhie. I~fctironic comnputers. uSing1 linear'11 Mll____ý
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Fig. 3.1Asnpeproblem in lincar proi 'i .IIii I
~T I

CvwtotO iulI \Oa c~ait l1 fiidi ghi 11C i r 10c tiilti

1-p tr ~ ~ r'I 1 I- difiiirani ,ý l i c , In "ml' hi IIf\

-,~ c luill o' iiII jIr it) /(-I,)an l uýrO tr amF , tS T if qH4 1 Lhii Sito I'i; 1mM~lili

hold al 13. P,'atlesIm milicaif y, I 1lust' Id t 1f olvý lS I I ilicill licqu;f 111 Iic S, l~

tiL' coIst of transpo.rtinig n simili ar itemus is n! liiiCSý tlL- cIl of I IIrminsporting< 1
Olie. the ctfliiliticS as Wetil al-th; iinequif itiC.I are linear.

The CSSiMICC Of tIle LVi1'CiitifII, VilL ii q~pj~ Li ') iin ;pi*,itli pr-b-en'. '7

l ies inljflstrUCtiillf the C01I i iliC1I, humii mdi Or niiu(fiiiit. thit if miil'ftiitu lit' lc

route fin ililotfir f()%VtiS the VII-if COIit. ff1. ,aimv siihsti'tiii lii Jl~iliiftf 'hc

repeated as ofihteri as is (i,;l1iisbIlI \withf 01 fli la'flh t ,ý hitoI 0fit lilinhi~. (It

j)(iS~~~il~fC r511 uS uitcIiIC .1111 Ls C ljli~it~l C r-l.. C 'Ic hloi )i i iti L IIC til

J)O týS il+ IOn (101`,11) lihC i f-i i i'.fii jit C10- ileth l k firs. i.fC f l o cri.m 'I XI ii [I

are `jylýuf by Luiiiuitiii'c. 111(511 chlfaiil'., catfi With ii I fixcd CiiflpaiCI iiii' 1.

p~er 6~.1111 Lilli. G iveni tilcCs iodittitoris. Inicai( Il(gralivilinilg Call finld u litalling

dofirfilii tilac l-l ;lxti~izcs/ the nuniber of' mesa es iifvcrCle Per h(f I'

II4
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L inear progralmming, because of- the simple form of' its associated niathec-
usatical model. -appears to heŽ more rcstricted as to the generality of ilie

problemsn it -n -IIsolve thanil is aIctuaIlly thc cas.e. Although thle miethod requires
5 that the probiini be f'ormulahted Lo lit the linear programming f'ormat, systems

of linear inequaLlities can approximaite a, wide valriety of' cases. And whilc
t his formulation is Frequ ently d iflficult if :the imiodel is to remain an adequate
re-presrnt at ion otf reality. aileqitact approiximnitions have i imnival been f'ound.
A UicaL Lt delOf. C101r, h\' mat heniaticians is di rectedl toward extending linecar

pro"gramr illiing intlo suchl areaVs aIs 1111nvali m-pogia:Ius )ig. integer progra IIUmilig,I
and programmiing mijiicr unicertainty. Thprcssiar t,, Use the meh zisget

u;wc c afctlisi Olw COItiuipuijtaIoiijil .,t~igni jj dli.. is so powerful that systems
e611tainlilu hundredis of1 equations. Can he ýsolveil.

theL method lhis beenl applied to detetoille thle bklend of pectroleuml prodct>;fs
111M would yield lismmprofits, to detei mine thle nI InInle diet that

ill6.4) saifie Tilfritionail requirenielits.ý !o assignl employcees to iolts ill

Icms of their aiptitudes, anld todteiieteotalrtngf esigs

mini;~ ~ ~ ~~a li rlbltvi imu ILIuŽ a llot [he soltaiie a\' (oilieil."of w)eusinht

toI1 Alay the g 'i,me alarg .tC~hui~tioh ol;C tIlls Ný,Accountthess numavber olsessries,

Ilno andten cs ae pe~robabilit y 1'wnm t-ýIn of sonlitaire asI the lild qOtint e. Thisll

estilimate would be ill er-ror, hut the error couldli e dcicm ased by ilucica'isiim thte
iiiiio1hei (If 1ris t o spe:Ct Lip this prcs thle gamte could lie progranmmed

Imueliiime raither th~an b tiio~v lBut evenl withii ais httii cII 1 1itv]i th low-httu

ot ~ ~ t :i~i goiireli'' 'od answewr Oitit~i still lie overwhcliiiitc-,since thc

e1rror Iii;V deer2is ,erIsowvly. tII any Lescut), howevi.r, ai ild icioiit uiuIxtiuue

ofi :umil'is ithi ijiidit ili flyjinig is likely to lbe Itit: wi llcctivi.. An Ii h'l 1."
piuci'clyxvt Mfui AmiC Carlo ecoutucs dowlm to:

Thue Oiigui.l otr Mtii e(Ilii Iat, lic in the random ;:iuupiwgIll n.O s'c'taG m'i: ilt

.- iamtisticini,. '1K dit~inction between tfuek: tuw` iN thatl thle, Mvonite 'arlo approa~ch;
seelks answers to nuttheniaticajl 1,.no~jleu and ltisj, dealing with iman ubmact, rather
t1han withl a rea;l. populatioin. This circunmstance, becuemw1 ýItllows tilepih-
flfit ho balee. aksuially refinemenlts i tec(hnlique possible..

!)urilig Worldl Wart It. problems coruluuectg2d wýithl the deswiur tu atomic

ll Ii
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wealponls were treated al1 I us Alamos by the *N'tonWe Carlo m-ethod. A typ~ical
problemi was that of' devi iminigiiii teitiouthey of neutrons es-caping through -a

shield of Specified deCSiZ'1 ill "Which the particles were subjected LuL~I utuutlt

as, well ais to deterministic, influences. 'ro use, Monte Carlo, a mathematical

ana1.logueC Of thlt p~hsical Situlation was simnulat-2d On aj com1puting nmachine and

the paith o-f a particle traced out by Lusing' randomi numbers. In attackingI
polem ofpuil iti sion, shielding, and* noclcar reactors, 'the physicist~s

necssril bsedthirmodels ontepyica process. Tihey were not at allI

.interested Inl [Life model as a simulalion j~er se and hecnce took full ilvaniage.

of theŽ fact 61it they were not dealing with a real popUlatiou. Dist~pit Iotis kl

rhle modlel or its parameterVICs, inltr-odLced to cutI Co1ptitationl cost by reducing

-:inple size, wvoi regarded ,; thfe essence oif the method. Ihese mathematicalI
min11i pilat ions oi "t ricks"' to reduce thle d ispeirsion or variance of the sampleI

"ite Cal lg ainerdci techniques. [bhus today we freqtiently wee statle-

ments that, aI sam~pling computation IS -not Monte Carlo unless Variance
reducing techniqueLIS are empl)oyed. *

lI e. use of Ivionte Cal IL) IS iO owlkw idcsprad in operationstm ac, aial

becausec it isI ea.1- ~siest enmpilpniional method to apply ito) the large antd

complicated po ISIWCnIS ty piCil of such inivestigatiunv,. TheseC plublemsl otte ii
have pronlinen rma dtoni u6lti ttents. They arC.JFrqL1CFtly new1a1d ditlicult to

foirntilaie niiatlnmaticaiiy. 'Even if' they canirihe forfmulate,A1 they almost iiever

have kno~wnl 11;1,l yiu Soltitionis andI life app1 ietý ionl of* the trulitionil iniietods

of niumcit l CI!, vlsis is difhietilt, if n-ot im-1possibl. lnorerj apply Nlonte

( ai I111i1'thotk Ii isý Only niece.ssary to he abl: I() ninilel thle physical procvess.
since hlfii -l'ot tttrhnse aeoe ile;" laorou pAr of the ca Ici lktiOns,

Monte (arlo.'l ictiently aillo'.v,,u to substitute. hi,,tite force for nIl lieriatic~ilA

itigenUity and thouight. IFni-hrtmcriic, for ;,I goond mlanly problemlS. s'tuiudih by

op~erations researchers mnd systemls analysis theIL IS i10i~ feasible altlir ative Mo

Monte C arlo) s'spcci~l ly it Information on dile prollability tdIistributions of thle
outcomes Is; r ',ISe aswell as inloriiial ion bothm Il It( l'p:IecA values1.

Traditional iiethmods of anlyis aleorilKIa ily eisintih(i'ifle

problOclimi i% al ýIll C (mill )I ieattt i.
Wheiu0m Mint (arha iS 1seti inl operations reseatrch, howe2vci it oiteni dilfers;

s ni gIIfi Ca II Iv liiii -its; use in ph1ysics. IHere. niorc fieqiicuitly thain tloi, tLte

iit letIik-. inl preserving the Simutlatioin as faithfiillVas possible. and techl-

OI(iqlrý"Ait5 Y rttii due 'n. sizear not mmitc isetl. Aside latin the possiblility

that., We don1t knný bow. ito apply (eIbm, thertr ;lic twVo reaon:wy 11

techniques a~rc qecillcnl avoildcd. Pirst. i instl(', o~pIrainits resea~rch' protblcivis

in coiitram to ti)oise (f 1ihysie,, cxtrcniclý aCC.T-. j 1r10nses-ae t I-fhiird

Loxst r ;jL( iirae is probably inevitable n'vvt y, Since thle bai prn)trsi

huprtktltt are "fleti only very tint.rtai11 known aiid the itodcls., no inattwr

howeoiluaed ayb very inadtquitt' Ili -,iddition. te analyst is fueQitik-rly

-. - iI
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sizcs 1ý'cd not be Very lar[ge, ClCu 'Whenl purely random sampling is 1 used.
Second, there is usually at great delil of interest in the realistic simulation
provided Iny thle ivuadel. Variance reducing te-chniqueIs Seriou11sly ý0 ditr tIe
Siimuiut ion aspects' of' the calcul at ions, turning typical ol-scivation s inorare
emit,; and vice versai.

To illustrate- the Monte C arlo :pproacb, consider the following dix.,i'lc~illy

I~ ~ ~ ~~~11 ic sn s i Int iIy admly ai a servicing~ facility xv hecre they
arc haded me at ai tid-n. Siipposethefc Jintervals. lietweceii irl as while
random, are. SuIC1th at 40) ptr cenit art: 10 ilili.C 10111 uts 1on ad 00 Per eut 20t
Minlute2S Suppo1Se Ser-vicing is ls 11S i-:1001u, With 10 iiiijuteýs 'rcqiiffred to
:iqrvicc' 80( peir cent ol thle itemis and 30) ilinniitt- rt'tiliiired to':ý hanle1 1the
othier 21) per cen~t.

It then hi lowsý that; per item:

Nlcaru arriva-l inittrval: 0.4 M1 0t .0 1t 16, Iliii ites,

Menlc, ScIviciui.! 1111c: I)Xx103- 2 U . 30 14 minie

Micanl idle fI me: 10 - 11. l niiimates

1, L I- it k I 11 h1.' uldt s'.t cal ',ste s! ýi nl:l~ltiou in w.h ich a e'I neI

I illdi~lii il ih 111j1117'iii !I]( ilW1011 ils IM IelI :lIirr i k'r :kiil til e sei\'IIVi~i1l!

tues ii ;t, tie ilmitci v hctwecen airivals is detcirlneil bv the: ,clk,.tion It iiia

ainduiii Hlet.. it Ist. ;I. 2, :v-asign an airr-ivl interval (fl 10)

jlijinutes. if it' i, a 14 S,, 7, Xt or 1), weI aIssign 21) I:riiiites. SiN111aiy. to

spiheify thle scrvicc t'li-e ~issoskitclC1 Wit ti I LIILle thalt arrives after thle interval.
We iil 'xti asi'eid iaiid(om digit. ýfl it Is 0, 1, 2, 3, '1, 5, 6, hr7, wc as';igu

a ;crvicing 6rime o' it) in unites: Jt 11i1 -ý or 9., we assq~ign mitniuites.

We- can heicil till iolit Table 13I . VL ssuine the listA arrival I :kc% lc

;It 114tiitze I ICie A, .intl R' rereC rtl-1Cl rUindoni diizit,.
ihu', tl1th tellaoo~ li il,~ in. tile tabhle We have a [otal of (Al m1imiuc',

watmetime or an av'miflg'' om ý6 nijillitesi per iteili. This% eNalipiil lea,:ves Iii

;iIwre gmeaýt 111n111 qntmumssch as1 hlow inamy sau1mp111S ;1Wi urlle-dd hIL

giea ~Ol ~iiimc Oli t %msr;itinlg time1. ItUt it does, highilighit tlie. ilmm-

je sol tOlie Monte CMI ii Clo hnod asý it is, Li.ad if) orarmOiMs jeseard

ImiriC leoý K-i -nanpi''' m (it of onte Carlo Inietliids aw thew 1p;-killemn
tackled inssesaa y i) perations re.scLrchm liave becoime rmorecon
p~ieated, and it u1~s Sometcimes lbecome too Jhlicid I for ýchissical analytic andl
r imimernIta lotturrl'.IK More1-over. 11 ,i'4 j5: tado !",!s cvll lr.rVtmiVii tries
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A1, simiple sevc nwI ~')) )If

Number of
'Iilime MinlitttS I linfe Number of minuties

Tim" (if, serPvice I cqUilC LII eiCC mlimIIIt[S* fniq Ii tVI
N R arris'ltl Starts R? to sc vi ce ends itemn Waits isidle

0 0 10 t o 0~ii ( 0
20 *Q' 0 x I '10) An 0I

0 8 0 1( On10'O I) ()i
5it 9o1 3 0 1(1ff ) (

7 '1 to 1W I- I))1 1 10 1 of) 0

9 4 13(0 130) 4 II0 il -W

10 15(0 1>0 9 30 -It', 1) 1 (1

111eVO[d iC ineal o1 a Ili'imswhc Ltc itlclto hii iidie otherwvise..

Fil ctiilrpe fW11 llvc L'~ ''; d awoo,-ie>; , it thle ',;tL~ )1c SI/c' I" :1CuSl-l

1011d it ll o e1.11 ase' of ilitcriust tol ollCicrtitonf' Ie aic lich r'. tlthotiiil) iait-lyj-tc

O lys its -the siltlple Ki'"Leclitll't!i t) [t )[ ()0, til te CiIji 0\IIit ICIlt (11 teCl-

Isili(lus thati distort thc tlills i l r itit (il). A,, a 511 I CtlI i1.' 1Vi'', Nil 1 i) 1)] C II tI t i t tI v 11 1 1 11 t-

ITc;i11(lit I e\1 ir I L 1 [ M;1 Il i c" f I Ik n i I Ietn1 n Ii Id e!' . I~ I il' I xk x It t i dI I j

IlIeC IIverI thaI t th I t I h i lth tI i P 'ily lellI CI tellt5 sil~ ieI iiro Iv tNN ha ittOw

Il( i alilt, v fdmii- it, ili l hn ll to k t I conlrtilel J IVI ll ' l; I ll C\RV- 11111h11Ib0 ic iicilT

0 '. I lIii~t ti t tht' (1) 1 i JlM ' oI>1 n A l ;,l 1\ w 'fc 11111 l

teChiliqitis" it V, dtunht1iil that tile '.:1it1C Alil 16-sll 1id lb ac oucldt'0 I o tIt(

dottcii n ;1e~i 1)ihcii; C' i it"l-c ls i~t' d 1 11112 SCo t ,, ltil ý it ii I Ii IV

Contrih;ii: Cimml. ha h in% tylle- . W.- eha ior1 that oi'jjll lit ';il itU~tt ~

Jttei!Imlt. to ';(t lip in-oclcs ill vithiei opitiflII CiUrI C a--1;ll tail hc It. uI

WS'tilli h the. ealejultu-. o1. i'n molili S!litC tto~ lrm~. hy lilt t~i fi-)I it' va;ý



tionls, thcoiles (n11v1iatheiniatcal theory' SO 1:ar [)[t forth -adthant only relatively
CUCiii IV is the theory (il ar.;n~eq Thisi theory k~ cneiniei'twi with the i'wi.ctiOwi

of an optimal eotiriL ci_ -aCtiOn taking into account not only [Ile pos-sible
actioris of tile planner himself bhut those u, hitV advorsiiries, as well. T[he
principal mod~es of resoltition arec ollusioin and C0iiCIliatiat.M

T1he namie ''a~ ilieory" Inay lie iunforumiate insofar as it sugeeSts that
the ibeoiy deals onil' with the conflicts of initerestI fonli d inl parlor- gamens

ýýuch as o ir sakjaIcik. 'IF, foL11 IL i, dla DIOR ) iIIL!I tI Ih1teCCi, 111,111V 01I

theC decC]ison problemis which occur i~iiiltr and economic- tecimiliCt are
similar to) tliCc Ifand in ~uichi ae.ie s of this !similatrity, , parlor gaines
form a useful Starting point lor the study of strategy, piartieohalyir; as thy

have rules and moves whichi are clearle-' dli ed.I
The tI icoy oft games consýiders the( probletm of" how a part ipia1lt in a1

Con illict .ittiat ioi iCall obtaini tile I:irgest 'pavlF' ntir coali1tionIs sLICh ;I, the

follovwiiio

I he opponents will atteirpt to discover eaich other's si raecgy and at theI

snii ililek 0~ Cii)n2Lal their own.

2. Fach pairtiecipant haIs onlyV paIt~il COntr[ol Jidf the oLnte.otiuc.

*3. Each op)ponenrt maI~y hliLiT or- feint.

4. [1lie oppjonoits miiav hav'e differen1 t nlointý; tit information or iritelhieenco

:ihOtIL cWati itl]Li.-

5. Thelic arteipiaiits iias~ b 'I '.i in hv the element-, Lf chance - thA~ is.,
In, variables' not Coliitoleit iiy anyv (d the( p itipalINit ild Showing no

pretcericucs aiuiiiy) flthe pots'ihiii outtciiie.;

All these actions moat lie taiken Ms~illi the st-tecd rule;F of tile gi1iC. Iis,

a piiiaver nayl% not usec espionage or v.ir-it ippi og to d iSCOVer at] 0 )opponent'Vs
,ftrii(isV Iiilissý subith 11loisI ii'( a1ltowe~l hw the rolesý of thle 121iiiiC.

(:inIC n.Y thory dioe., no~t coiver all thle LiverseC factors whlich eiiteu iitto

behavior :in the face of a Li-ilhfict (1itr1t, hr ale ~ertainl J111portalmt

limtaton I irst. tile theu-r'. siiu thal 1!t ilte posilt""lc' outcomels call lie

leiicand that, cach particit~inii is aible to atssign1 to eachd ý Il iie'W it''n
*prefer ence. Of Lnii tV, so thlit the onec with.i akI iigL'r 1]iuiiiIicrie LOtilitsi prS o linu ted

to OICit With a iýt SIHicr' it1lit11%. SecLond.I all ltvc vaialeswIiich Ldeticini in's the

payoff, jul11C t aIc W vilis f theC pa;NO oiI cai e spiLtrCil; tha11;t is), aLdelL ill dcsc'ip.
Tionl of' a-ll posi l& ctoils is requiired.

lto the geOQcral caseC, tll(cu elI areconceptual and techniical dh1lk.1icltics Whicfe

make it imipossible to detrminie thle optitnil course o)f action. Ill alditiniI,

roOSt mlilitlryN anfLI eCiiobOIiC' conipetitioin exhibits ;w impelirfect cotulict of

luteres, th*.tis. one icsi (i eo ci mpe~ration by 'he opponenlts. On)'itte other
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hand. thle t[l1001' v cs onceptually compniet for tlie special Cý-ýo o e
having opposing~ interests. Bitt' even for this case. most actual vonflict sfnin
elude full analysis hccalusc of' thc amount of intricate ca!talcgigia 11nd corn1-
pitting they wouldt rcquirc.3

Only ant occasional prohlcro associated with systemsh anlalysis 11"C' 1clea
simiple eniough tOsolve by actuially' compuI)tinlg thle game111 theory) 11olutionl anld3
sonic of' these We rc 1pa)ly i)-iarginally related to thle real world, 'Rccentfy. ioss -U

situation inay he cl~ngping. G ame theory is nIow beingr suIccesflly ap pli
t o - ario-ous tactical ; prtohle2ms -~ such 'a!, ra-dar -;earch andt prediction, thle A
allocationt of defense to targets of uf'iequai val ne flthe s;tid,' A. ot iseptenefra
tion aids, the schdlIn(l~jg of missile fire unl~der eneim, pli dowýl :Iand (the r
pIohleIIS ais diVe-SC as .uatisuhiiiarine warfare. and inspect ion for a rnvs contr ol. I

Ill contrasi lo I 'ucitr 1ruaiinWhich coo-miouit'LLLS InUI- aini iSatoo00! o01
solvingp specific pr-oblemvs. direct uises of gameý theory atre rqiatis'cly rý,,.rc. ButL.
as we have said, it', n6ptrihiitions to policy analysisl are possihly tarl greater

ýýor it tell:; usi how to thinl thout situatiolls (lf' conliffct with anl idftelligent anl *1
reacting opponent who maly have commoi~n as% .Ncil as opposing i nieredst,. As
J. I). Williamls putl thi- lin Ittkr ini his hook4, JII(' ('eo21nip/ct ýfrafc. ýS(-"

While there. ;irc spccific'. app)[lication'; todatV, dCspjitC t11C LiIC11t liminittions of

111 clrithe theory, perhaps iti~l gi-catest conihtitaiition so fin hlas; been anl intangibte Onie:I
I1V -11CF~l rcrienlaon oven iiIt people Whto alrc faccde with tev.Crcomlptex

problems. 1~vcni ihouigh iheuse probitinl', aric piobat ly toi' the ititetii ite flitalre
it helIps In havq! it frm';inicvk inl which toe work (ill ttecte. 'lilt, concept of a
strategy, t -Ijl (l~iitt'hi(i5 etittie players;, tie rle 1-0C Of nc eventCCYIIs. the 1etioetl

(11 111tti rxe'ptcsulilittioits. of' thet palvoli. thle cmnelto:11, Id' plun t and IdxC~i
s1i itegies, and~ sot oil give vi&ltl;Stet turiCa~tajtiot toperson11s whO TMVt thlle'i I -H11
COmnpliiciltc ed onflict si Ljte l ti s'.
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cnutris; ,ou];etilnlUS equate[Ld wiAAhl ilit(eRtein- (tv'i'JII uIt;Ik int'..

luceu cNi~sts it b ele that. all that 1 neede eto 110%l1e'1'th,' lutist dcliicult pI4 idee a';,'
i 11. hc r o p tn tnt tit m Ic s .ur ~iC to Coitue. tjleii ~)II tie' ce 'ittr*t ix'.

tod cv ;I (Il muter alone t(it uie, not ý,,pi v the priuhlicnw (fit"iterevst to tiiitairv
dite'''neam kurs ill that it does is ek*c~titV that Ieie ee isniteshIt(il

bly;SlIe sa ntin thcrnatciaeia thatL imta', lead to at soLui6eic. It I-, jstl, a1 lt)]o,
ii 1no!l tn :1imvthing with1 prFoblems it is, ltot. told if the. ýIof Ilitioll; hi'. etin-1

11e~ tIO( it'l;a good. and .;s ciisihle As thi, p-tPlu Mho tcit h

rproblh I tl cn r n- ve. . n - i o I~ tne crc 'cii can' niake IItern.

2 McGraw- till tHink C ecmlpaniv, !nc., New York, 10~4.



The next Chapter iS deVoted toit discussionl of cotttpitr. antl', Il. point% olilt
thvir liniwtitaiows as, Aell as dh~iF ilWn11 ite'.ht Od thle.',, limiit;Itio, ,ire

p 1i'twicularly significant in thOw ayi ot prohlemts of natiottid Fenit.Ior

oike certain intangibles of gt eat filportailee: ill plafitining"' a ntion\s xceoritv

ui6 cxtrernely difficult to Lqnaltt Is IoI~viltv, moral1 rlýSiStane to Chanfle, tile,

st iiiility of political alliances and So on1. F'voei thle Iirot c~iahorzic m1odels
iii tisd brhig-sped piniiers irc -not, likely oi~akc ~these ifactors into

considcratioii with proper1CI em phlaSi, ;ILl slubitlty. I IPli s-cond6 iit i aioi~iLikU 1

-that pr actical const)idernhlttof impose mnaty simplifhealin jont f a eompn'J~tCr
* represet-lta ionl rjcti~lli; rg ttIC 1Se oIf aggregCIAiC vatJIL- jithe d the;Ii-s: u

of nmany dctails:.' It 1CIiqUeIitIV i eqitires- several yeatS .11d 11man peCOple to

fordhl'tlate wnd I ot'i ini all elaltttrite fliodtlell the nIlodel i.* likel1y to be
not is t xpcnilv hutmor ii iotaitv, rigid. [ lic ss~stiitlIic~ns Lill which

a plodotlelis bd oxt hvCall for SA1ieeesstVC correctionsý ;i. the, cat o-lig

process, tha t parallels h;application I~,t the niinlel stiggesicl them-1, or as;
in l( the wit shich~ atteCt nationll: `Wtenrity occuir. Thc learnintg

* process iS hutI ftCcj~&ttlyI hindae rc i ather thai'. enhanced b% tihe tee, of :a

*COnIprIter. model, thlat is the thlird tlitfltittiOlt. I or1 it is in it iilt' ore111T 01 the

process that Ymnly selectedI Stages 'Of thle C0o1'liptcktiOnl aOe 1eadih-v visibic to

box" of the mlachilne. Hence tile direýct iliilowneofltI, Otheviiiis ,i 1

atmoittetý Jthe Knowictige of -wliilt 1, cn init m-1a intutttltcj,:1oa

gveln thwory, IIost'. pctierally lhe intterred inmdir-cctly.

WCV 11(1 not kvtit01 tlodull tile itt -iaiittt il f cml oliptitcer ;s aid a ts oaiils

The 1t:1kO 10'ts4ible 10 :Inptic-:ttII it'l ooweii' [V111Ideas anttd 11Iclhtiqucs which

could not even he c oqnsidvrc Iijilorc tlieir :ot'itt. I idet, tileIc ne teehmiqtcse

We ha~ve jllst diSLIs'set i. Aiat is, linear progiamming. and Monte ("tario arec
pfkAowefI, ma1inly hiiCcaneS iO~ool eotnputcrs, now cxis;t to' pot thell intlo operatioti.

()nhit iunns to tlic ilittlicmaticianl not only orhsskill inl orletinvinjg IMass1

q conlI~lotiiptitati hult ;Iko lr Ili'; ability to avotid it, With it1ugeititty. tic niay lie

ahi1C tOt sublhstitu~te Sioiplj)ih1` t for intfricate. niatlmemitatica1 l ianiliplation andlo !noil

ilowit ain unworkbl-ly large number it ease,ývs to :i itiutoht whict wtiile it

nitty still b he pc la 1 is tvingeahlc.

1 I5. THF ROI 1' 01- MvA- ft-MIA'ltICS

Fxcept for lthis brief statemet-t We Saiy -onthiitgciltotit thle Sigijiti~llmce oIt

testt hiiqilics whichi, ill addition to thoseIC c- t " ttLt's d t"al, go~d mdci tlt-SujCh

tiainte as, dymnamic prograimimoig. qLlCuii1Lf ttlcýtr5, anti.r mrniitrii, itiricoir

to mrietieti a few. This is a reluctant omnission, for a nyotte Nv to is to-'evs' li t

analyseS *. ropeCrly sho11ul1d be able to uustil'guicd-i between flthi~' II

rnathemtatical techniqucs as -,,vindow diressing for a TpOsbYA .

J;
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the ir tUC Lis Critical i gredicnts of it first-rate ;ui-dysks. The oi~iission is made

niot heeciioeth Ow hmai~ 1cm py d ifl tilt anld can he uniderstood unl,\.

illter thor ouigh training, for to ulIKICeStaiid hrO id V thle wayU InI ýVhidh d iffiki:1lt
nIa-theniwitics is iised requires 11o pairtieb' I' r mat'neinatic-at ab ility'. Rather)' it

occuirs, he'CatISC We have Schs to stress, Othe thing-s than specitic techniques,I

which, iiieidentalfy; aIre nlot tile icai-is hy which [he major difficulties in sy'stem.i,
*c amissis tire overcome.

Sincee we have doioc ltile ninre thanl haredy menition ar jewx niathmiiaticafl

techniiques, one may (L' 1 wonder L'Xtent they are really used in systemis
analyses. An accur;,te anSsv r is that they aire used -extenisivekll iiidall 'uI wIt

rehlatd, ()r compon-ent.l (1 w a iolný but, except ill wiinrowly tiecnil )P (ildcoli,

not very imiich inl the deter o~M1i natm of !the overalIl SOILutiotV

']here arec several reaLSMIS why1N this in ight. he so. As Oxil~ilaiid cnidC% r!)(,t oreC

any numathenmatical technique tnin he atipphed to at real-world 1)roliclen we imist

-have at quantitative model i)f tile processes ins iivdl ope i ttmatioins

such as those ait the national jiolicy.level, oiily on iii ot, thle prnlem)Il' 41;11;)Cpjtin ;~I frmiin hichtehv cll he oll h tli~ lidj t uoltflel,,
r clCitechniques, h over-alt Mid e-rves miniiiv to mid .h,..kitig

,\iwither reason whiy these t ooks are not more wide ly LiC i w eieel'V diiat

j1ulh1-Of IrAND% ReNC,mi_ LCii llk~ OiH 116', !ihiil( .

N vthe .idotption :1nd Use OF neOw took is iiot in 1 ISy' process inl anm
plloicssioii. ilvcn)I iiai eo unim. p~ioL~'scv.[v nr~ieiui,,itioii knmon its thet

I i;SAF1 tfeiii is'tn lmmi hal . li a~c of' ineria Ill Ins iUNC fitteis. I partieipaetol

aul-geiitijilly ill tlic ()I'Cfpieu iltI first f'amily of Pmmlill'd lii'Sileslý ail

easy task, it tiiriied out. eoiim-piedl to thait of' convineinme a eolinlmi(Iiaid

that these rare hi rd-s should lv- in h is-thecater. The same d ifhiclal1tic,; -ri';e

Inl scienice where 11(2w tools ire calpriciously temipered(II~ 1w kindisrimimiile

use of fIVAt andI Cold water.

YUC1,Y'nm ' canNs ippn; Sot-mi~c~ advanlces a iie\v mIdea. If -it i ealfx;

is' new it is, hO' (lcfjiiitioiii. uueniieiiiiiiiialo tl~l rc' i- therefore-C ', L00(1(

chance that it Cuillliri-, \%'itll .!IiL' Of yuii1 ;1 (uxc k. 01e orpre1iXifIee.

'li.rc is lso itL'(ioo chanice dialii l'Isn't obvious, Lie %.4ii VOiild lastI~

tilought. ~il "oursil-t lice i:, :i first-tae*ll.ti, ~' ur.

you kiiows th a dae m tost ideas are bhbrit in i le l t oriitors. flouim.h inl

thle laoat l lmd dlie ill tile lahumaitolv al il witilli 'H l imiiilt.es. Nowý

ii, reas~onaout mn.i shouLd VMIiiti ore t~hi iklei. mI',himtiild 5Oii Iit SIi

JUSt!ýVOy it, 0`11 ishOlld youI go thmrouigh tllw agous nft inkirme it ssmr cvii",'.

It is' a sad PdLLv 'whn we mist do tile lar~t hmiidulitahly, filicisl-Ciu fjrst

pal-ers Wei 6 reCjeCted, 1w Nuatnni' t.1e leadfillng Sci'miilihe jomrlinaf o1 it- he las.
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An~ ~~~~i Lnecstn Ias tiuvo ncw abstract tool coud e w.celonti
history of' The so-called infiniteshital calculits... With, this te:chnique in
hand. Newton had himself at ball (aslm; ci) ChiMICa wou~ld phratse it) in th0
field of rncchanics. HeIcwas suddenly in a, position to give at comprehen-
sive unified aCCOuint of practically all knowni phenomencri, easily deliliiýeif
fronm a few postuiates. Biul there wits at little diflCUcitty: 'fihe natural phil..
osopliers of the dayL:.'the astronomers,, physicists, aind Iiatl'ilemat~icians--
were no't Ilowt :li 11 caluls, did not wieh t-V bf'-I' I

were conv~incjiied that it wats hased on nonsense-, as; a matter of fbct, xm
prove thait it is; not nonsense, has required gi'ui'tnltiOn1S Of the mostA subtle
analysis and to this day one or two westv I pt eIst Cetnmeh

immnediate dillICUlty by deriviiig. his results anew in torm;l" at thc the n hl'ad-
ing' scientific tool, namely geomel..t!y. We arc po longer highly praict icf in

geometry so his OPUS, the Pr-IIin~i'ipi isl; IIii-t -t o inlte IigiltIC to Ps.' On
* the othler hand, th2e inlfinites11imal calcu~lus has run the whojr' coursec. '[here.
is adlmost certa-inly no0 physical scien tist or engi aecer In this organization

I RANDiI who doies not know it. In fact. I haz~ard that thecre aii'e few who
know thre fori nal idifes of their mother tongues; as well as they knlow'
those of the calculuis,

Another interesting earse HISity...' l.¶' l ' 'y

mathemiaticaid statistics. ( imuiss ereactd 'ai ruagnificeui struLetimi ktiwn xw a

the thecory of er rot's. 'liis 1 ins i~ccil ailI oif [tlie AB(-. '; ot' ph ysic -a scijell0,
for generations. it isan alotprfect- !(ill fbr 11;vn' data whicn arc
basically simiple or whichl 11r, olgtl t i le that lthe 'rcnrihd

parts arc simple. Physicist's and astronriot-is ha1ve livedl ini ihll I topial
for aI hundred years and iheir hpimIMiCes I', juISt 1-1 "d-i id. ll thi~?.'e
tir tc, some other people have heen 'very unhaippy. Ammu I
mrifltittidu we find the experimentalists iin t-le field of' a-griCUltLi re, Who
ire- afi'aWys plagued( by meISs~y data;ý soil w ill watbct .vri:oiorios irt, 1:i a -i'lv
becyonid their c~ontrol artid "th numberii eof nhibiiitionis ol' seeds aind soil

additives Ivaryintg in Ikind1 mrid atIuliont is 1,i -c. il iith la~iN twenlty-nyvc

years mecth~ods ofI considerable powerl luive hecii under (l\ililiei.with
the resulit that tOne experimenters in th is licld;i' arciu lon per the ulrrifippiesi.'

people- onl ca,ýth.' What. do tHe phyvsicists arid astronomici, thin-k oif siuch
'hew topics as the 'Analysis liti V-;aria ec mnd thii f )siji i of Fxprime~tils

Well, they are pretty bus;y peCople arid iiisaf5tttC Iia1was
served themn well. I will bet that if 11elp1 is ee-ded in). lieC desigii and
evaluationi of a flombiiuii experimnC1t, sa.jN, 11ioit Of ')-(I\'ori ( wo ld t he11iic
inclined to 'cck it f ront the phiysics dep-art ucnit of aiti liversýItX t.11:11 frin
the agricutltuitre vx penmen t station; ai (riarter of cciitiiry ag-o voil Would

have bee right hult today youl would b wog
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Where dIo WC Of RAND StanIrd on modern ahstraect technicquLes'? Well, it
x're.we. ais an organiation, have ,mn quitc activc in developing

techniques. TIhis meains I hatl we ha:ve- given1 those Of ourF peCople V.' ho have3

a bent toward the abstract carte blanchie to (levote their entergy to Such
tasks. They haive cre ated quite a lot or Stuff, Sonie Of whiCh Will Surely

Staind the test o imc, and more Which xx ill provoke something better.
Some of What. they ndoffiers have heen dcViSirg haIs fo0-1nd its wa,'y
:n,11CV1otlewukh-g Ccer,,*,c, of u~l ofor neonnle. hiP.t while I believe
our progres s I.; in somne sense reasonahle, we have at ipng way to go.

As, a un11iLue discipline, systems arralysis 'or operations resca reli is i eally
ju:st emerging. TO quote 'from one military analyst:

My general impression is that the art ol systems anialysis is inI about7.
the samie stage now as medicine during the latter hialf. of thec 19th
century; that is, it- has just reachted the point at which it canl do, more
good than harmi, on 'the average. Of Ct'ICiiis t W'011!d beý 110 1110iC 'WI01Ciiil

to concludic fromi this that we should not develop and use,( systenils
analysis now' than It would have been to conel ride that wev sh ould INC)!

uise medicine then~i.* 1
Ili a field such 11is oner ationsICSL, , lup~olu who ha,ýve be.en spoiled by

the soeees.s of earlier mathemiatical anmd scienitific iiiethodý ' s, oh.
engineering, have n tendenrcy to expet.t the, ;:111le leve~l ol pereectuoli attd lhet1
So oleC si artl u il: SUCeSCSe. TIIU Srkmc N' suecese l ve beet1 i artl iil. 1img. lVVIoN' J~fli w~hie
results, i ue hecil ohtalined anld a1 great maiav more are to he expected. But

thec ii~quum d perfect-ion it: AtIll lacking. for souriietiimiglor milur thn iitllenmlatics is

needed In this field. ('ci t~il aspecCNts rofnatlicn'atic'; al- prtiu iit'apip t
to iiiiy h is pobit. -, we have a;uiciie' a few. But oi great deai I :Ii

reseacith neecds to C .1 ic don; for. exm pie)t, tpa ny more algorithm, l ot- solviirg j
;pecutic problemsi need t(o bie worked out before these new, lhiglI1-pgWeiuCd

teellImiles have anry ehimimce 01' SUhIIpLIVlillg tIle simipheIst. t OnuDs oI 'iiIttIe-

inatmes that is a lift he prolatbihity and Statistics. SOIne id ellýtiriSan ecum- 1
etry a,ý III; working toils of operations~ mesqearch kp3 irt5sytcii15VIhV'i

Alain tothoven. t)NepuIiy Assistant S5euialir o1 Dcefense JtN->s'stirr

addres.; tu,.,Ic th il:VI A/r(oli Newvort. tRhlidu Iland,- 1111c i. NO

Iit



Chapter 14

T HE. U SE f0 COMliP UTERS

PAUL ARMAFR1

k1lv h1IIO(1 L i toi discmls, comip'iirs Hin01 the fcx ofs\.Stcils

n10t to des;cIibe C einrnehnsi Lofillviitcis. Nost of, niy renmarks
will concern digital compuiteis, nTI anlalopue CollIputers, a distinction I shall1
explain. Ani analogue computer is one inl wh11ich ruI1nbers-1- ar1- repIC'Si2-mtcd by
phyisical kjiialaities wIhich; W;e tl~e HMuaiplate1Id inl thlt compu)Iter. The simplest
(vxan4.l'V o 44'u ......W '"I-,1tr 'is I Slide ru1Ole onwhiCh numbecrs are
roprecsen ted by distance5s. Resulits arc then cald 11V li~iLIiI, a distance Onl

tile rutle. D~igital comiputers, on tile other_ hHid. eprsent nuniber1CS by a1

discrete setting of al physical quanitity like a toothedý whelin o-l wth
.1 l;eI\, etc. Siplelfl CXimpl~C~S o I digLitall c'mpuLteraeteacetaau

I tl~iik the best way to set thle stage for my remarks Is to relate a try
A iinmyihcm ti . cao I~ tpio lie coOVInpitInl Ilil!, oit, son1C~ielat divideýd over lie

1A WC01c, al eto. At -hiptrscit len~

d i tc 11si ,,1 of, the ub~ject1 e:ruteid inhto a, hmlv.c diet' c!ur!ing whicrh 17 ''''''

of1 thle seteine sait, "Yolfre phlying with) lire with V011r IMetod" Wt which
;I jrop-OuoIP~l J(sflOMt)Td'1 I'V1Mo hIramiT Il, its1 wvith fire hack Ill Othe StoneL Age,

Hlid We'd 1mm]do01mhedliV sýtill hW in1 (1hat aie if' lie 11ldid't''.
The. Obvious morail ks thatf man should use tire to his advauntge; but he

mi i1st he dotgtinm iii y awaire thait hie caun be turned. Ifie In;-ditaso dot Weull to
stolck ilp (Ii'llirc. citinnuu(ishers, I intorlimnal i ollu'ý,II 011Ltitr (';iii he iwsitfioiis'
its burn does not tuecC(1s,,irilvs' ivi rise to iimcinnetic svtiiptoins of daia~go.,

TI 1.. 1in US El1 [I NI;';S M' C OMITrI MS

What ire Ilhe chie 11 Arihiu, s of eon0IiPCrS! [heyV ;M' mit. HiiV ni1 IdeiiIuhle.
111nd thei- canI turo1 out mICSLtS cl'caplll, Once thec pI obl:1 I-,i I iiiiiiint_ 'I his,
liowi.'lvtr is ;nn1iililwe n Ilesusd inl LMp Ison wel Soiiimik ic i

TO illtmst4;'ae thC thiiek ýMiL iitcs,, let uistake a, task t Whic h the COnupuier

shines,: flue calculation tit ;I missi1 le tajet y.

Back ;,)I, ,. KIIN, i eceiscd a hecw electronlic cAcih~ itor. (-.!Ie (4t tile Ii rs
prub0iCiiiS put I.V) it Wais a miSsile' Iira'ccJorV caZlculklaiCon m' Fritr to gctiil'_. ii OiN

2 50
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thle mlachine, ILL: airOdvoanlnicist sponsorin~g the problem had three caise
done by hland. Each case occupied two gir k working at desk calculators foft'

about six' months; th)a t is, each ca.-e involved at woman-year ot ffetirt-about I
$51000, inilUding QVerHIeud, in those days,. On thc calculiator, each case was

run in about 1,hree 'hour,; at a cost; ti ctud iig miachinc and operator, of less
thian $ 10(1 .Thus, we picked up a factor of over 60(1 in timew and about SO)
in cost. (Sct 1lp time for thle first case ono the machine was approximately two
weeks'. at u coii 01 z~ilt-oLI up 500., PMore inlprvssive, 1 thi. ., i-s the fat that
when we' rer'in the three cases done ltiv landl, we found all three bad mis-
takes In Lliumi, dct, 1,ite 'the fact that each had MuppOraedly heen chccked. stopI
ly st~ep. byv having one girl. go ove th woko1nte.

That was fourteen yeairs ago. '[he comIputing Imachine ar't has adILvanced

eoti1-'siderahiy since then. The womputer whi--chl iANO.u has had for thle past'I
twdiiyears would do this samne prohlemi in about half a second at a cost of
lussY' than IS 0' per cose. By. today's staniladus& it was a trivjifl. probleii.

1! will not dwell on ti 1 fid avantages of computers in thec arecas of' specd.
rclizibilitv, and -cost, These have-, in general, b001 pu1shed SO hard that coi--l-

Puters have been oversold. .The fact that a, comiputer cin add Up a1 colum-ni
of numb~ners' as high as thle Empire State IIoildinig in fin''f _ mdstIw at aI co-t

(tit) J may lie of academic Mintutest to tlhý analv-lt or dCisiconnnkr bu!cin
Iun-n ru/i inti to kfnowis' /wha! ihe comptiiter ecan do for them.-

Before evn tilis 'onectp of thle field, which. 11,1 hcen so glamorit.ei in
thi popular press, 'let HIiC sui at ha hv ii I about _ pn Ien-.- a-Il
reiiahiiiiv lis- iumes of 'Fable 14.1. -

TAMA!. 14.1-
Speed, cost, and r-eliability comparisonis

Elapscd (iost a Error - Set-tip ate . 41
Method,, time'c I$ rate -and- qosil

By~ hand :11949 0 mionths 5,06000.(1( / 1t o, Non
Comlputei 1L-1949 'a hours 1(10.00 / -/I o,- IWO wes 5001

Computer-1956 I inminte 5.00 1/1 ) 09 wo days;-% 300(

(noiputefr-] 961 1/2 secoid~ ( 1. 25 1 / 1 t 2 One day; $2001

Conipoterl --1965 1 / 100 seconil 0.01 1 I/1It"!i One dlay-, -tl

UiI12cr case of our trivial fli-ssile trajectory calculation. '

T lhL6 196,5 figurs ltiS Shw~ illi the tablo aire, of courseW, spe)culattive, hlit, based.
-.oh w" rk going on today, they appear! bt(- qu Iite achievable. All tlte ligii reY

in the: last two eolonilI;a. are guesses, and hence subject to enolsidet-tihIle curit'.
At the speeds involved for these maýýchines, the oimiIher of- operations betvveen

er-rorsI can[ IOe lar1ge1 hut (lie-time between errors need not bc partieini lylare
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Let uts returirn to the baisic queistionl of wihat the comipulter can do for t~he
anpiyst. It is really just :nother tniol in the m;J~iy-4't- hag, of tricks, like at
pencil and the- back of lan Old enIvelope or like a desk calcu~lator. Iit general,
aI necessary condition for t~he use of a computer is that the ainalyst he able
to forintulate his problem (.or a portion of it) a,, a miathemiatical modlel. This is
not at sufficient condition fromi an econom-1iC NiafldipOiint, for-, as, - vwill be
(IILISeSsed later, there are many instances wheni it will riot, pay to meqh~anlilze
a p"odcl.

-There are certain!y nulvantages ini iioplententingl' the nioriel with at computer.
By utilizing it!; speed and co:t S~periority, you. can oliviou'ely inivcýtilgate miany
mnore cases Wih ; o l--pti a n you coumld, '- haind-I rticrcnoial

takes -advan!tage-of these factor.i of speed and co-st,'not merely in just runningI
More cases1 of the samc nmodel than one would Use ;1' d'oing it by hand, hult
rather by making thec model mutch miore sophisticated. l~et ni' illustrate this
by anll ml;Svra er. g anl Orgalli~itioo1 got t new colmpu lter. ! (h
first Unit oil thad production !line. Of course, everyone inl the ColIrpUt;Png field
was, intereste~d in hveario' jiiNt how muchl fasler the new machinle was comna~red

with the uld. When asked about this. atl r mieeting, the head of the installationI
related that the," had taken -a problemin ilpiv:;ic.- that had been roll On the
old :md inle r-rthd run it on, Ohw iutw ont, While it had fAkeuu an hour

per Lase on the old inachine, it took he inso h e one. Asý eveiyoue

did a double take.. hie went, oito to explaint that theyv h:ntl bee(n ablelt to Ilm
I oon' sonia ate mdel withi the newIA Imna~hlclr.

The mlorl- hereo is that the computer enables 0-e tI:l-vs; to ;;a- i

sophlisticated mrodtel enables hlain to optuiai/e over a1 wider are-a ot thre probilem
and( tilrS avoid suIhoptiniizantion, provided, of cour-sc, that hie canl construct
the. imoore. soph,ýsticatcd -!iodel nrequre d I

The computer makes it possib 'le for 'the analyst to ido sensitivity s-tuijiis.-

T[hiis is one (of tire miore iruporIaitait't aribUtes of triJng a comiputer - -the ability

to ainswer anuiy of the "what ii Limi cstiooas with caon pariativU ease.I
Thl~e speed anid Cost advanltaJgeSo (t' IeI coi pu1-ter Canl be Ised to theC aria VStS

gain because they enable hipp to 111y h; prOblem1 ink a Monte ( arlo fasýhion

Inustead of ll n ai xpeCted-:viutie wily, at d istincrt ioný made ini Cha pter -1. A\lso,
there are lrohlei~r; iiivolv;in' the :urivi;or reducetioin of daita for whch a

conipnt !Irnuiv hL isni pobtale

though a inatherna tical miode.l does exist. to put airy i rodcl even a "linal i(Ic,
onp the miachi ne in vol~v, -0111onC e timei and estv,. For so ll urdcb;, it
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only at relatively few eases aIre to be calictilated, it 11a.y b~e chea~pter :1nd .faster
to do thcnm by hland!. Furthernmore, the analyst iwiv feel that in doing them
by hand lie will have a hctter appreciation for and will have more control
over what goes on in the muudel. liven with meiumiiii-Nizcd -models, if Vol]
are going to run only a Very few cases, it 'may be chea.iper to do themn by
hand than to incur the set-uip costs involved in getting thle modeli on the
comiputer. H-owev'er, as model size and comlplexity increase, you reilch tilc
point where the only way to do even a, sinigle case- is by miachline--you ju-st

Could nlot get it done1 by han1-d, C011i CH~y in ii'Corimcily, in a;Iero
of timle.

There is a-nothev.r class ',) pr-Olecrn-S that cannot be econoinically imiploeiieuted
on a machine because the nature oft a computer demnands tha't its inpuit must
be mechonizcd; that is, thle input must he in a formn readable by the machine---
on punched cards or man-retiL tape4. lI Ir examlple. [buIs, in cases where the.1
amount 01 processing of inpat data is relatively simall, it is an cheaper
to process the data by hand, since tmaehic processing invovsc oprtvl
high costs inl timle and dollars to prepare_ the intpws Here is another case
where thle humian is checapei and faster than the mLch-ine.

in gencral. galining anod situla-htionl p1 ,robCmls ajre typically characterized by I
The fact that Lliciv a 1i-m1,1 an 'LC yre ' i, if. dhc. w-Wil is4 mSd

ill thle system,) We have a Cycle Of hum111an pmeeCSSilLg, mlachinlie processing,
houran processing. mi chin c procesico-v~nt If could huild ;i mminitheaticalI

Tijodel~ of tile procec!,;imig &!-me by the uinc'o cus, e.lnz

thle wholeC thing. Howeve-r, tot pm oblAIPs of th IS ce~ h macswe
neechiimijatiomm canl be Ione am . comtparatively ratre 'As 'to whch canl and)
wvhich c'hoot, fili i: :111110t aJlways deLpemideni onilk the amounlt of data that
would. havc to be nieclmam iyud as inpujlt to the,. coMputer for ec~lh cyclke and
upon the amoUt-ut of processing to hie (lone, in passing, I might mention that

analogue compu~ters are sometimes quite utsefuil for this class of problems.

1-4.3 . i'nOGRA 4MiNG THUW MODEtLL

As I ha~ve indicatedl, the SUiCeCSsfUl Use of a 'Compi uter inl analysis is inuti mmately

*tied in with nliathenulatical model liaking It' youi cainnot umalke ai model of at

least a 1)01 tion of your problem, then thle ComiipLaer1 Is viluelý:s SIhc comipiter

as we Atn~iic howiv I.,use if Indax' cannot hlp-! tviti (I probl'.o thiat You anrnot

snliijl'htuuaI1v volve iiwi iot Ill(,uti ,Iic ie 1 coillputitr is no1 I I:mice(a. Nor
is the fact thait 7, f'boinpnter has been used in at givvcn anilys;, till equivalent
of the Good: Housekeeping Seal of Approval. lh lie mesnO aiii,- no hUci thlan

the model whiclh the computer hais inUnmmotd . fortunaitely, thl( I act that
a coptrhas been used il ftaialysis :s frequentfly UIsed to give an un-

Warranted aura of authenticity to the rcsuits.
Th ifct that a compu~ter hais been itsedi may lbe evidence that the aayi
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sbsdoil Consideration of tile Problem inl detlil, th 1 ald tha many po ssbil i tieS

have been examined. BUt itS LIe hecars no test1inoliv whatsoever aotthe.
quality of thant consideration andi examinati6n, omei

this chapter, but. it is '0 Closely related to tIlut Of uISing computers Ut! imlementIIII
models that I cannot completely divorce the' two, Let me discuss tile 11ittaiis

for at m111inte. A model, for examnple. maly be constructed to reflect aIccuratelyt110 out1come1 Of an air battle, proyided,( 1110 Speed Of t'ile ail ciaft II.1VOIVL:L IS1-

subNsoniC. InI other wordS, the equaions01 inl the modelC iIvdlViiig Speed may be1
such that thley oI*Vu 1101isel iill IC~lb esult mit a hatt iiiv olviiig SuperISoniC air
craft. The mIodlC-'builder ionsý have beenl quite aware oft th-is at the timle and
did 'iot care, because he was only concerned with the subhsonic catse. ThisI
ih.;'llustrtes just onec of tIe lie Ilaiiy dangers in using a mIodLC for at IUrposC for

wihit \..as, not originlally deCsignedI-o1Cne an's worthwhile model ii iia he-
another ma~n's trap.

1 .ven when the mnathe matic~il model has been designed to handle tile

g-u.I ease, iii iplcmnlclition of thle mlodel on thec omputer1 mlay introduce'

somec loss of gcdueralizatiomi. A,, anl example. time complulter programmer, for

reasons of programming etlicienicy, may code an air hattle mtodel so that IlIc
Co o--plupitc ro u tine -w o drks kn ily f om die s 1i1 , casC, K lo~w in 1 t lL till I S I L IC

imiodel buitcler's area ef interest. Subhsequent uscý of thle rolitineC it ay oyerIot k
life faIct thatl it was. proertaitont-d in tiinssa,. ( onmx;dvi Mtsht happenedCL ito Us
recently when We a~tteilpte~d to use aj Sttist IS1i(';l rmi it n written eisewfie re.
Although tihe statistical HiUioeiivlewosfoanniit iuatfdt,

the routine was ConistructeAd i1n suIch1 a Way. that only 'thle first tWC1ii y it cii is

statisticall inforilmatinit vwere acecpted----all additional datti weýre ignored.N
The point here is that the compuiter routine nmiy embody more assiin pihs

than exist in the model i t self. An additional p~oint .sh1ould be Made albou~t
assiimptipuns. Allý models Involve assumption~s. hutI With) a cornputer ur
cotiliplexs imidels iiiay be implnpfeteuted .Iliai it (mui is rising Hand. caltiLition.
Buit don't hie lehidei- -tile Iss LillI ptioi 1 i sil t~liti in tie oInure_ comlexI)I .
mIodL.C I [iey hit%(- merely been madif atl a differenit level ofI dit-uil 'I his; maly
be go(od, -but onIi ist. not lose sighit of the fact that they are f lerc. Sonic

peopjle sucent alm11pst flii rb y the very dertail of tile caJIýleihilin'-.
Associa ted with t[IL p1olObclý msOf f'oVnnu-l ting mlodel:s is thle allied p&Itfin)CI

of, writ incl ltecotpt. t-o'' te WhiCh nleCCiIIi-tiPS 0-10 111(11f01 IrIthiCEt. 1l1"e

two iiorniallv procetd in p iradlel. IloWCVCr, to focuIs alt~tentin for thle ili1netil~

onl thle compuI)Lter fitogiramming task, let Uisasu aSII fin ishe:-,d and olishe1ld

iiiddelIC. ( 'oIPluputr programme! rs mus~l't now spellI 01t iii tile mustL pai ilt:lk iiig
det6 (ail lad Ultinliatey, With absl-) Life per~feCtioii) el coHprinstruIctions thait
Will. enaleI thle machine to dupllicLate thle model. It is inlipoitant to ha-ve m

* apprecia~tion of the work involved, for whci- (life recalizes the ma~gnitude ol



Ill. 14i 11'S1 0F ONIPI't Ilu

tile task, one iS lesý akpt to OLJI tere(Stima',tC the timle rCqulired for if' inl thle

comlplete Cycle Of' Problemu formlation1611 prgamig rLI IIg proucttilon mn
thle machint, aniadyiing th~f resuilts, drawing C0o1IItuions, and liaking deCCisions.
I Nay less !P1, b)CCeau~k eVen experienced programmers often have it onsiderable
optimistic bias in cstinittlt.ig Oni requi6red to program a giveni problemn.

We often hear the comnputer. describedi as a gianit brain- as being. very

Versatile. Ill reality, ;the comlpute[r IS capabII-le of xinly a co'upaiatively few

hasic operaitos it eanl armjd u-t, SUi4L4 pli ;styy,,.,,c ' inubers
aceelIt Input, and output result1s. A given compu11.ter may he~ capable of, a

number Of ipel AtI11! whic ~h arc. vzuiat ion% on thle above, !,'t. ik ropcrt-oire

is still qul~ite limited. To m1Ake uJS 01- a1 com-puter, ,L us i tut a. list

(4fstoton c ah lnt nc). tsxhicli is' the task. fthle compu)Lter p-rolgfhano

mner. Figure 14.1 is,,ý I> pical sh~rt routitnte. In this case, we have aI mimh ahr

stored in the cornlpItCt, ý.Jd weC wanlt to Ohlaiii it,., squ.are root. 1 IL do not inten1d P
to go through tile cxtmp - I prv(entit oi~lv 'o show what aI programimer
has1 to write down to gct: Cotmputer to do som-tething Otl'it is relatively simple.

Ina practice, su1Ch 1-0.1tlflCS US tIll' WcIftised to calcttlate a siquare root. \614,11

irc obvioutsly gointi t '''eded UVrentYI p~rogriammers17 1`01 ilulrli

problems, are wvritten up only once Wild then m idcd to a library. of suittO
routines, from which they ma~iy Ill: Cal led by the proranf I](-w c h needs

'1-1 54l4OL K: A<$Fkiff I'4PH4.'AM

I;4jLARE ,iooT nnIIT1NF

M To Ce MON -SAW...- -.MIN.j'..N

T/[ ~QRT -20 Gr0OTO;l L x ZIf FRO.
STO COM MON 31'AVL N

AN?) (0,MMON4. -
AOL)L SORI'24 *

S)(D CO1MMON ALHfURD[r

LXA 5HT 14' 414 N A111 01? 3 1 7RA tIONS

r'o COM MON'-2 fIAIr- --

CL A CONMIGN I Cý.AVT
0 

I 1' l.L)APL 14Q] I

FDIA -OM MONI- Z ' /
SýCD A: Ofl40N 3 N~iIXOU 2

CI , Tflll ,VO Nl'lI

TOP 2 It Mp6

I FRA ' 114 L 21 N i 01 NE -

I' . L-4 i1-17~ 1 j 4f,5 ) 11 L-IS 60* , P-1P 7,127 I C ~XF G-i
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them. This somewhat trivial point does illustrate the fact that miost routines
:ire miade im of a collection of siihroiit jnt'.

In writing o111 his list of instructions, the programmer mlust do much mnore
than just ar-range to havc the machine carry rout theý calculations rcquired.
There aie housekeeping chores involved Iin getting the various routines to

miesh an~d Work together: input data u-stL 10e read, and the results outputted
ini some fashion% Restart procetlurys mnust hc incorporated to handle rases of

niciemlfunctiLon so Lia all Lis not IlotL ;nA such amI IIcLII . AI~'.tlr~o

trajectory prohlem, %xith an error iij the formutlaiion, to a dssk calculator
-peator. A fewv hours late~r h,. cole b~ack and says, -~A[ lii.ioe equal to 27

seconds thle thrust hecanic negative-a thth?'Tecom1putei itself Will

not provide Stuch service, although the whole calculation may blow tip- ais aI
reStidt So thalt YOU Wotild k now something was wrong, even if you would'10

-i ~kuow exactly what. On the other hand, tlersl of'teerri omlto
maty not he So obviouVs; it May, for example, produce a 20 per cent error in

the tfinal result. Consei~u icoly, the programmeir mruvt busild sonic degree of

monitorin~g into his rOLtitine. 'That is, lie must arra nge toi- hos. routine to raise
red flag.- When so~t~n.happea; shihoulotd nit, as.. iin thu case of thle
thrust's h,'crmin-a nei'a~tivo fu)ir molmare rmot rou tine, for exampnle. doe-s raise

a red flag if the nunmher Whose square root we are after is negative - In practice
it i., Iiiipilsillle lo sucinitor a computeir C-aila1.tioul iin the Saiullc ki"sitii 01Mt

hand cloairsarc. nionitorcd. 'On the, other hand, t ssoniculuues ssbc
to buildk conojpcx checking, Which is; too hlaoriou:. todo wbaud1.11J -- lo

cstltrprogra if.
In Worrying aiboult su ch m i onitor~ing, the prograti ncr husime lirrned to "Ak

many searching qi lestiolis abhou~t theC prItlNcun. This Very prolong frequ Iently
uncovers things, the model formulator hadn't. thought of and accoutits foýr' theI

* fact that, in pructicc, model building and programming realJly go hand in hiand.
Thc ij ograiimime r also knows, tial fliei C will he~ many chin~smado in t he

mnodel before it is comnpletedl, and hr' spnlcl ;SI lair iluuuoilit of his- timei trying-
to smake such (.,hanges easy to incl ude. 1 it~~l.slid) Ufforts ijsUallv fall

falr dhort oitf 6e des-ired oanot llee:is n ho' Itins dolou poo johbihul hccaulse

it, is so di fficult to predict ii;. adlVaCillc thAU jiaos til te c~lasuges and their elleCtL
on the model. (ihanp~es irs a rotstilic abulo.st always (:..Ill t or pre"grZI nituing
iltorl disproportionate to the' sim (of the ch:uiiw'.

Ill bulilding~l hiS routine thle prosinaliunr tries to nlt icipalle tin( "Mint if?"'

(IliestimisS which the on odcl iO[iy he as1ked, aunt lic ostially wii lltV ha110u',t Of
htociovercul. i-icvcvi, llif is dill0itil, and qutestions will comie Up~ th itcn

be luauule.Ctl onlyý by major revisions illiic throutiiuc.
After 'tile pro-i-almui r lia'\w 1it'nh :,it of~instruct.ioiis anti they havc.

hcerl k-,ypu nched for eni ry iito th lie smnesine, lii cgheins the ho -.pwuCess (ti
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AIR REFUELING
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cprso,:ltd ,,r•,.,i .....rc. i • -- cl t ....... .cc ..........

:• [ g .•goi ....... ) 3
Fig. 14.2 A typical flow chart

debugting hii routline. He usmilly dlne, it by trying in check out one sub-

ioutine at a time. 4f o do this he must often write other routines which pnut
the ruutini• to, hr testedthroughit paces. .. As various subroutirines get cbecked
out, he will try groups of subroutinie,; together, and eventually he g-ets to the

"point where all of them appear to be working. In referring to the programmer
:•as "he", ! have really been speaking in a collective sense. in reality, a number

of individuals Will be involved in all large programming tasks, each one

writing specific, subroutines which must be pieced together in the final routine.
':11 I have not yet mentiuied one of the earliest steps in the programming task,

that of making up a flow chart. A flow chart is essentially a roaut map showing
the rotute between routines and represents the programmers' "plan uA attack"

on the problem, Figurf. 14.2 ill; an example of a typical flow chart. It mig'. t be
interesting to note that prograimmers selddrm work from such neat flow.r charts.
Figure 14.3 shovs art examp!eof a real workiug flow chart. ,-

ComplCte co,...ute.r routines vay i, size from a tew hundred to! a fewn e . . . . y, . . . ... f c we . I e

hundred th ims-and instructions. The production of checked-out instructions
.by individuals varies considerably- as well, from about one or two per day
- to several hundred per day. The cost of a checked-out instruction will likewise
vary cuns-iderably, say from $.50 to $ 20. The rnorc .I ly ,range today is
$ i to $ 5 per instruction. Thus, large routines can be quite expensive. This

does not contradict my earlier statement that one of the chief attributes of

ci -

,A+-#. .

AI•.. : :
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Fig. 14.3 A working flow chart

computers is that the's turn1 or1 Ictirslts cfi,-eaplv. lken miiIcr I hat in t~wlL' i

parison between comrpute-rs and htiinuins th p- n ~-''I idc that nurr

could turn1 uit.. results more cheaply than Iiitiaiis (I/h'i the ~machincs have
bIcL1 rii aimi 011C 1111st ;]lNo rislimi J]iis he1twuCe thc cost of m-O"' .........

anL te liacin cot lVIYOatinning the programl. InI passing, it 11iii gut

be worth pohiting out that, 'sineC tle unit cost is low, the analyst- m~ay request
copious amounts (if' work, and thus the wt;`i -1t-ayh quite: high. He na

alsno vcri~iitimate his abil itys to Procuss the resuilts an(! find himself nunale to
cope witP61 the flood of;ipapcr which hec receiveY.

14.4. PI'ROBLEM FOMLiJIATION

Ithavr been trying to give YOU aIn app~jreciation1 Of the lll-1gLsItC Of The
programmring task involved in the use of computers' an Irave really". imaýid ver y
little about the, niagititilile (if tlwc. kis, -of bIIlding the" model itself. ir.n unort
genera-l terms, tOw Iproblem-f ormuilation task. Althroughi model bui1ldinig is niot

mty provincu, I would like to ncintion prohieri mi ;a1111I~itionl for those appl)iCat-
tions of comin nltrs which do rnoL strictly spua" ing i nvo lyc the inipien inltitioir

afý model in the sense we haI;, been dicssn s
Ilrohlnlei f"ornid-ition is usiiallj so' iiitertwlh'ed with porniir'.ti~h'

two are frequently lumiped together. Invariahly~ the aruIoULIIt Of efrort requtired
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is untdereStimnI~tCd- 1 iequc,)tty grossly unrdecrstimatced----even when the pr'Oblem,
is fairly simple. There arc many reasons for this. If pcrsonnlel familiar will)
the pr oblemi do the prograimming, they mast learn progiamnming. This takes
timec, and thecy may never become experts at it. 11, on the other hand,
programmers liave to carry the entire brdcrn otl problem211 formulationl, then

they have to learni the problem- -wAhich again takes thime--and they, too, may
never really learn it. If at mlixedI team. iS used, COIM~rnuroatiofl bq~onis a
prohicin cm eah has, to learn the other's. ianoguato, which takes nyýOre unie T he

technique of using Peri-nneii- tani-iliar with the problema to do thec programming,

has \v -rked ý,uc;essfully in it nomber of business data prot;e.ssing applications I
TIhe approach using progratmmers to carry thle formulationi burden is DftelN

mu1Lch untrI.ied. Them11iXed team aipproach is falirly wvidely used. aind I personadll
believe it is the best. Hloweýver, I think that there iý an important poinit \\ hieh

should. h~e made about this approach. F or large systems, I beli. eve that it isI
very iropoi tmt fur the. man - aoin/or woi th le problei'i to learn di- pro-
cra-hnlirs Ianguage uL' 0,/ t learn 01011prgalio ii, (;;;e abou11t muhin(ile

Il/intw, L- man with the problemi, wheni it is a Large one, eaimoot just
hanid d uthe programmner and ýtell hirii to solve it.

Auioktli,,i i aon for urliderest ,,mating the magnitude of the task of' introducing

a iiw.cs~. omijuLcrap~ct is that the computiler inethod Ircquently representsI

-a completely necw ai'proach somewhat forelign lo th11 old way~ of doing the
pri~lbcri. -I rlr&nem v'atisin of indlividuals and the inertia ti organiizatIOns1. I
ottsai make11 thte imitroducliwi ol chuan~ges -dilbeult and someime1. oS iiKIip shibe.

Of all lil' hefCtor's Coll tr iloltitig to lilt. 'IC sieOf thle task, I belikevC that deC iding

iiid~t i1 u ~ atprohIem1 -you ale going t.0 ',iVe is- 1 tue M lmmnt 1 I.Ive\ the

1i101,t 11CIDiCo . I or e-\anijil, at hank ofliu ia -whose procedures, were rCeCiit1k
nitb niedst ited that 65 per eewit ofl the da- JIEipOCessinlg gr-oup's ilfort1 wen~t

to dee~idiu e inl detail what problemi theyý w~ ee solving.
Le me ig 'ive several enimnif-cs to ii In traw 111C the fet that lon)Ig leald timeIs

aii e involved anid to- p)oint ou~t I h raso ý lc 101 fo 111C11.

I ossi ly "thle mIostL i laitom n'n-cmi 'l the, data processing ficld inivolved

at nuilntili 1,1ictrimg coiicci ii which -se[ oaLto te, ncehuliz'e its Payroll. It w it
payroll inivolving g-roup -iliieitives and individiai~l inLceitLivus, aiid %Nas con-

sVqL10nt1y, a fatirly ConillAicaled payroll, hit still Just a marloll. 'iellc finm hii(l

it', own experts, thcLý kcoulumptC. llUlail1Lt~tircf sNpid a numbe-r of know-

lmmmeeinidivimiimais ood. julst to hie- safe, a fiirni p - polhliC aCeoMiIiiaiS Was.
-hired as coslat.I hoy tlhoight they hdhepoemwlinlid.Sic

two years Later, alter writingý several h~lmuiidrd tinirisa011d instructionis. Lic\ all
Lbhrew inl lhm towel. To be fair, lii; "krop as pi'mccring, alud, there Wats

Iinicli to be leamrnedl. I oday, the niachiine involyed- ik reaflly pa\i !11 way, - Ii

an minveriturv-eunrol1 pp ict u as WCl1 Wa piOcessmig the playroll elliciclitlv.

U ridorturiately, peop le and oirganlivmtions in this, field are not very !;ood at
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learning from others'. mistakes, and, consequently, there have been- many
similar instances since. Even today some organi,,ations are making the same
mistakes all over agi'ini and are headed for the same result.

The second exam~~e involves a public utility. Here the approach was quite
intelligent and deliberately slow, but still they tunderestin ated the idze of the
job. They began studying their prohiesn in. 1953. A year later, the company
decided that it could justify a Computer on economic grounds iend selected

aparticninr nrnaehjne. PVsnert. itlini-lrHýtpl- ,r V L, £ý~ ia f a

program inin -. Two a iid a half years later the utility got its computer and
began the job of converting the m~anuall systemn to the machinec. '[hely plannedI
on a nine-month conversion pefiod, but it actually took them 14 months..
Originall~y it had been estimated that 30 000~ program instructions would be
required. When the job was Jiinished there were 4'2 000 instructions: they
had underestimated the amnount of individual judgment being utsed in the
handling of exceptions anid had discovered the importance of programming
many checks and contrdSls (the icd flag., mentioned earlier). lit addition., they
had to i write 20 000 instructions to toke crei( of the conversion. A onum:'r
of new people had to be added durinig the conversion because they really
had three systems4 in operation during this period the old sywtm, the new
'me, and the cun\'ersicrn on.6 T" or to. insto..i a,....,,.,...,. that

eventually reduce the work force, the company had to increase temporarilyI
its work forn, by 60 people. In bne process of installing a computci, clerica,
work groups and mnany cormpany policies were Changed. 1A great deall of
reorfgnoiv~tion re'sulted tron i the conversion.

TIhe point is this;ý F-or large systemns, the lurgcsi Lyingle facior ('oniribuiing
to long lead nines is infst probably tlhe cp~uputer prograt itself, e'Pen whent
/Itfirly complex hardware imust he devcloped and produced. '

14., Timi LANGUA(,jE MISMATCH

Why is it that programmnhrg is Such a lengthy task? Is therve any hope for
shortenini! it? I suppiose that the chief causes is the r-isiseaicl between, the
language of flhe c61nputcr and that of the human. As we have, seen, the
comiputer rnus;t be instructed in preci:;e detail. C ontrast this with. instrmctions
you might give aii engineering aide, like "f'lc-ase integrate this function from

-eotooe" Alo hceynern aide works with a lamýe background o

information .3nd cownmon sense. The aide knows, for example, that mniis:;ile
thrust sihoulld not go neghtive.

Progress is bein g made on'- the language miisniatch between colnPUtcrs aiid
humanls. The samiple routines shown in Figs. 14A i1 nd 14.4' not 00 represent
actual machine lanuagae, which i's strictly numiei'ic. The instructions on the
sheet shown in Fig. 14.1 will first be proes~sed by a routine called an assenibly
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rI-0in.1 xs'li, \040 ill prloduc theC 111C~ macL~l 1:1lille language. 'I his routine dIoCs
mluch milore 11aiu just tranislate thhlhhticlnguage into numeiric for the

!1liachilie. For- examnie31. inl niacielangage it mu11St alwlA',YF he known1 jW a

whcr- ic' giN'el n a number. Is ill storl-ilge WA'ith an a~ssembly rstit inc. all that i
requiired is that the numhcr he g~iven a name ý'tlo example tco5mm-* IN ll

Fig. 14.1). Lx'c iv tinic vonv aýlit it. vonIUS HIM that 110 Ia~ lthe- *aSSCiiihlv 1-01tt

Wvill Supllljl a, particular- addreOss. it is inl the natture oF anl asscmllvl routine

that. in L-eetr~il. oneL HIStl111oetu xsrittcnl ill the 1110th ~'u1~
Ioliltinc xviii p)r oduI tCce one lmacl imti inIstrutT-IIio.theCIm , I. aothIIcr clas I

rnmltinc!, 'aitled compiler,; .)r gencratmirs vxhikch mla" proLduce Ma!tan.' malchiil
intstrtctions 1'rm a single comjpiler instirlieuWIT or1 Nt:'temoent. This' cai oh-
vioiilJV sa"ve a golod dea1l (11 ~IlOgrainhllill- eflloit. The langliage ol tile Conmpiler
is coWnxider-ahlv dilli~cint Irom machine hlgifitiz~te land mlore like out oxxl
atlhoumdh not neti rlx as a like as we ni itht wish3.

The best knlown oft these comp111ileS tod,; it,. Is In iR IsRN, t of* iozIlltilla
I RANS,1MOY), Which hasv heen writ ten for many icomplltels. ( tlmci well-known

!'llilI 1-"', 1 1011 1111I mi mi Fim'ire 14 J is ain example of 'tilltrctioil5

\xrt t'-! R o N.i m I n this partictilar e ase, fthe comlpiler, gýCmICratcd I f1 3
machine langiiage. instltlctlonls from the 1.1 compiler ;tateiucnt.

lullSI RAN does r-easonahv w xell 11a rerl'uci n, the plrogranmmlintg cilort imiiolveLd

in luob)1CleuS th1At lie' quite;1 nlieinmitieail ill iii ileu. Needless lo iayt, tlicic aic

in vprohlen) ici where it il sX1:1k niiuillv .lc'. Or1u-t lp
for thle f*uture. ntitl these nlexw \stCllis, like- all pI k'T'lti-1iii ýtasksý today,. lhdvv

loac,, lead tilles The"' ale i'Npeliii'i' toe. !hl, cost of 111k IRAN beini' Close tol
-- iafnn, ilon n d 11ts.

14. h StI NI m,\iC1

/1' 7S (!dl '''jive~~l. j~laxtem i'] , CIB20lliJ .ali', I1101 C reJlable. -aild will h1eL:0lltc

CV12t tWOi7 so inl inc fuiturc. Ihc sttcce-1;dul iiue of niomputer in analysis is;
WIntllelelsV tIe :Ii IT)WHIT lthIiimitwgitilieIl iixodelhlildin". We l mav(e collsilc!del
'Sonic of tile pitfalls ill tusing comiputers, whilch arc, aloclosely soit'

\6ith those illVIVoLve inl LSillg 1110iCIlS. Ilic poss,11ib ly iii'liollis ll1itilre (d, theme

p:,ti*ul.ls has heel) lindicated. I have ;lttelllhed tI) dellIL11k the illti1;10l tllalt lig

ell~nlI~tptit nexcessariltV implies (i111, 111 b 1 )ii eal oi A pproval for

Saetriled Iio give oi

ilivlVedC~ ill did use Ol a comMIlter Anld tlttj aUlfailille ten~deiICV 0I evCMi`vov to

underestimiate it. The iiioli for fill, izI: of thle task, I heliexe., is thle miuisl,iah
betws'eei tie lariguagc of the humiaii and the language uf tOw compiiltcV

naIve imiChled 6 M-Il the Clti ti nder xvayI) d olclie'b' ,1~ iu
mismatch.
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hin discussing the mnagnitude of the pruoraniniing task, I have provided
sevral exainie.Is, not in the imnplementation of f ''hcl ut in thu bUsiness
dlata t)[occ5ssmiL hl. In data processing thewe are additional reasons for thle!
!-agnitude of the task. Problem formulation 'and defuition arc more difficult,ýý
for cxaml ie. aind the conversion to electrofitis frequently involvq 1 ch~an1ges

m p)olicy and groupJ reorganiý,ution. Sinec. in oanv ca t.di only preceedent

kIa eistnlla sytm, aIl adlditional prohibtem is the lack of knowledge
about the detaIl rcqurired to treat exceptions ;ind to provide adlequate controls.I

I have preseCnted a falirly negativ-e attitude because I believe that in innry

wayN; computerFav b~ee ox''rsold. T'hey are not oracles, they are not a
pan,111Cace iiC cmue cannot bict) von with a -problem that you catnnot
inteilectually solve without it.

011n the Other han11d, I LI) not1 want, to- Undersell thie com~puter. In clerical.

proccýitirceS. it is olwiousýly b ri [Iging abdout a revoltitioll. In the at ea of analysis,I

couIpled Withl mo1del. boil LIing an11d the niew advanced matheniatical tcchnIiqueIS
chdig llth CJncltsthat can b-lpduder the term operations

iCSea;rel), eiirvplitcis enable 't11he analyst to study problems in a way heretofore
aipo11"ssible.
I have p)LIr-posel not done 'my pirophucsviig alolimt getting comnputers to)

ýiccOIIVrlislh ta'sks that requlkire intelligence, ntut because 1 do0 110t believe that
suich applicat ions Ire Comning, but because P'bet icvc that thyare V 'r nough
ii 1the fu11ture( Ws to hV foprprt r this discuss;ion.

H In closig, lMt M,-' reCturn- h thle anaLlogs' of' pdayin1g With lire we cail dlk
irciendoeu~~slv ,ioil things, with coptrbut we mwnit not let tire application
rim awa,ýy with us.



Chazpter 15

COSTING METHODS

G.'11. FISVHER _

STAFF OF THE -RANDM CO0ST ANALYSIS DEPARTMF1.TI

1..INTRODUCTION

In Chapter 6, MA W. h1oag discuissed thc relevance of cost in. systems
analyses. 'The present chapter is concerned with how cost is to he estimated
and taken into account in such an analysis.

Before turning. to a discussion of cost-estimating techniques, a few' con-i-
'inents, should be made about the gcneral type of costing trethod the ,;yqtems

analyst might need in a particular study. It mnay seemi trite to say that the
type of method needed "de~p-nds on thle problem", but this is clearly the
case. Furthermore, even for a given problem, the niethod used at one stage
in die analysis may differ fiomt that used* at another stage. For example, in
thte prelimninaiy pfiases of a syý.!ems study there; way lbe a vcLiy large- number
of alternatives to he considcere. 11w -rlmis 'to sce- thes-e nWte~rrnat-ves
ýwith a view to weeding out the obviously unattr.active. onves. Numerous qunick
0ptimization runs may be required to do this; and for these preliminary
calculations, only very gross cost inlputs usually are neceded. Here, tile need

is for a costing method that isz flexible, not too) dem-anding on manpower andtI
time, and one that stresses cpns isterlcy rather than a high, degree of aceeovicy.
Later on in the analysis, when the numher of interstý-img alternative systems '

has. been reduced to mmmamagealble size, more refined and hence more time

consuming----costing methods may be used!.

we immake cost estiniates9 'File short ame~wcr is, that cost is an elemetnt oif choioe

we cannot ignore. To choose wisely, we miust know the cost o ticpooa

ind h1V able to COmn~are it with the'costs Of Other proposals. W(_ mostI also
-Inw h benefits, o-f theatrtie chosiitics. Thd e inbeliemt wopaeighing wif cots nd

beneffit-s is~ at luwt us4 limportant inl milia-ry Pnanagenint andl d'iim'aii

-1s in any other sector of governmient ac iVIty or in private huISineSS eniterprise.
Good cost estimates for weapon arl'd support systemsq are becoming in-

creasingly important, nut only because die ncw system prnpn-ai, L4. ft
extremely costly, requiting a substantial share cxf the nation's resou~re-,~, but

264
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a4so because there are- so manly systems .eonipctiiig foi consideratioil. Miore

and -more it is recognizedi that n propos1~d system cannot bC judgcd unless

both its costs and its ca~abilities are estimated and Comp11aredL With) those Of

alternative proposals. Both costs .1nd capabilities are -di -fficult to assess,

par~ticularly when we try to look svrlyears, ahcad, but the Lessessfitent must

be ivade, in advance if it is to pr~ovide-a basis fof choieto, am g competing

proposals.

This suggests that the matter of umirterwinty is a, veryv real pr-oblemri in cost

analysis of futture military systems and forces, Folre, the probleml is especially

severe becautse the system- and force proposals being analyzedJ may. indl

usually do, change as the future unfolds. These c~hanges may stctn from mnany

sources: a change in- rerney capabilities or intentions, failuire of a particularI
system configuration to attain the desired performance levels, at change in
specifie~d performance requirements necessitating redesign of a system's hard.

ware and/or operational concept. and so on. Over and abl.ove uncertainties

of this type -are those inherent in the cost-estimiating process itself: errors

in basic data, errors in co4t-estimating reoinhp used to Prepare costI
estimatesýý, extrapolajtion errors, and the like. One of the central proble 'frs ill

cost analysis todaiy is to develop new methods for dculiug with thle types of

uncertainty mentioned above. So fai, only slight pro~ess has been imade; and,

for this reason, very little is said in this chapier abhout how to treat the problemI
ot uncertaint-y. We 1hope ithi ILescarch now tinder way at Trhe iRAi~i) ( 'nporn-

~nu a I elehere will produce uIsefuI -l ~sItS io- theno-odittfure

flIC ptu pose of this' chapiteir is tu de~scribei briefly methods, of' cost aayi

which are being deveif.Ppd under l'roieCL KANI' fof uISe neStimlatin~g weaC.pon

and support systemn and total hu'ee costs:

A weaponi system - is defined by Air F'orce kegulation 80-1 as, follows:

Weapon System. Composed of equidpmient, s kills, and techniques the

.2m o fit -f hirh Com is a,, instrumnent of QonbMit, Usu1ally. hilt not

fieesa-ilyh'-vng'-iaerosmice vehicle as its ninjor operato~nald uet
T'e--- ~- . .sm1~h~I l relinted facilities. eC~inl~iojet.

-iiatetiel, ser-vices, and Per-sonnel ecqui~red im- irik the I-,ation of the system,

t',o thatt the instrnmvent of combiit can lie conrsidered as' a scll --sullicient-

nuilL of si iking power ill its inteljdj`rd oeainL evrnet

Suppoit systemi and cotl syst'r ire similairly defined and alt: bccuiiiing9

-- incrfeLsingvi~lV nDortaiit in termns of- co-st. Whiile [his is r~ccognized in the pre-sent

ii chpter, we do not deal -with themn in) -as much detail as we should like. -Mutch

.k.of ou-f work iln developing methods of cost analysis for these qystems is Still

A: -Fritvc ,&-Eulation no. 80-1. "Research and Devcloprnent L, hntir 1 of
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tC~itI'CaiS4IO 105lt p-crIiit d~ti!ItitiV'1 )NfSC~lltittiol.

.nl Comparing the cost" of minlitar\ systemis. \\c pretcr to -speaik of "co~st

ai Iaksi A tathet. 11ha11 'Cost C.stilwitilon , becanlse tile idenitilica[ý,ori -of thle

a ppro0priatC eleIen10tS Of CON t-- the anafyt ical bre'ikdow a of' iiinall conillicx

interreclated ad I\shies and otfLtipnIlcItS IS So imp~ortantI a part of tliio ilt'thodý

wc~ipoii sysStemis Cost aa i is InltIchl 1110oL thanlI inetim ''hate of' tle cost. of I
the Irvelipon itself. Wecipon pro)curemenCIt c6St. niav be rekhit IN' snuall com~pare'd
it) other n~eCcssary costs. l such a jsCbs fa:cilities;, tr~jilinint, of 'aerNonajCt anId

Operatt ici expenseS: ;i( t nese othlc r costs 11i:iy varly grceitI v from sys"tem to

55 '"t1. Nfoii'o1'i'i. Ill COiiipalIIig tIILl plrOgiiaihiiiii fkitnre ýStclws as f~ar aIs1

fivo or. tenlel Ncls aheiad tilie cost,, of Icseare-l t and levL'lopintcit mos ih taiken

io11 :IcCoilnt, ROeen epermiece indi;cats that research aild LlCVCislpIIICIt costs

are- riing retive, to the oiler costs, an'd; llaYl he espccted to, risec further ats

techliotoielcinc i ceelc ales.1" Iil conpiparing ;illernatitlcs, therefore, it Iis

imecessaryw to eqIliniat thle Cost of flthe coiIplet'~ systemli,. Includingg directly

r lae ipport eostý, Lover tf vile hc tnilie. Icrmodl troji Ilie' heCghiliiiig of' f-.

developmencrt to its; :Ictiv~itioii onf onl Ihoul týsileun peration whilc

Still In thle aeti\,e Ilivilitory.

whlatpcical do "k. ine~il h\ co1st! Ill ;Ili ccononic. senis, the cost of'

*nI~l ificin the' n-orcsiec -drilli01 thlt -econlloy ciased h ieZM11

iolitil of th~it solincthlini. '11ti thev I eCuiiloflhi cost Of nationll Security is

l)ije-iiIrCd h\ tI li esi iee llocaited to the accotoplislioctilt of that obiectise.

Ini iiald tiifsoi k, fI e)- xanp-Ili)o in weapo N sstcns iiitvis ski most

pin-rifts iS o/ ot' a I; lca. Imicil of ecoliolillic It: oiirce cost. 1-or mlost

PIIIa(10,dli coIt ieiiiiit ;Il I!1e:~sImevo t1 tIn' re(iie

oollr ~itt'iiti (ill thet seepInI sYsteuii a a whole, we Ieced sonlie. waSi of

eCPI C-eiiing a Suini of many diss"imiilar r-csoiirC0S 111MIanpOWet misslies. hase-

jIltal latiot inst traininig Schools. etc. T'hese Iteios Canl h est he iuggregaited Iin terms

1 ie 111C lI~ thitf will hiiiy thtilii. 'Imis s'stcnis :i im'lts 'anid mi il itaý,tt , planners

gnci calf\ fii~d it cqitiivcicilcu to reloeseClit total. resou r(.cs by d!ollar co';. hin

-Celici itil~tic dollarl cost ill %%-capon, '-y'~fclllN~ ,\.~i1'lt

eiiiieit itt the s~tiui nne of coin so dscrl'CI inl termuis oi ciateturies (It

tust't it iii itselfl, In Ills~ .:ttiltiIi toilal o hmititf ,uiciccs Itseei (i steliS a~~rmid,

li iii dtolli ot..uusioi itmijiulal arise iulniiut possible ohailluee' ill

thle price ltose1 inl tiutlur'\ M. I Ioi'sci. it svc relleem on the p n rpos of thle

aol'i.it app-ears that ehaLUI~cs In piIce level usullyli Will nlot si$wi~ific altfx'
affct he esot Wt~i iswanedi. s - hiito i roaid coimupa isoli of ciist"

'I copetun' 5Ssci-i iii \Uiv i tu i of 'e a11u itie2,0 oil Pt ears. 12V; inilftittio



or (14 kld tiofll will pr-Csiititblvah ýfeet. 'tilt costs of the Various ill ms4 oseiic-

Iii'ily Hit ic sa meway, it is ConvIenj~l cu o sum jsal plif'e eve- dI Ltr
'Constant dollar", Inl any casec, if' therec -is special interest in the effects. (if
price-level changes. it is usuýlally eaisiest ti. begin Witih cost estimates ill terms
of constant dol irs :1 thein to fiI Vthenm ill accordanice wi1 tilte expCctedl

courseC Of fatutre prices.

iMorcover. evenl inl the Ibest systemis analYsis, Other Eoiueu miiecritantnls are

very ~ tnc vsutwIll bec subjectl to ni my tiunforeseen uhiioeu,, hi Con iý Iur--

601ti, Iic hy udkv~~uce througth future vecars from rei'eseach and dex'elonlilent

throug~h procuirem ent to operational '.ic . I'ii cc f-~ of these; cha ages; ha.'e1_

C0st im~plicatiolns wshich airc aittost sure to he ereaterlc thanl thle Qlfeet; oi- any

probableC chalnge inl theC gener2al level of prices. The meithods ol' Cost ailuls sis

Ileseribced heie seek mean.j~ingfLI u l cor paIson among1 Z1101"sstems. recoga a' ug that
inl Ioitg-ranize projectionls Only thle dom11inant1 dil'tCi'ett~ees eol hC uIsed to
dist~in guish one proposed system tromr another. We dto not a'atil ;t at1 aIccuracy

of (deiail. siclt utS woLuld be requiredI for estiiihttcs, for 'the procurment11 (If
specilic iteiiis U [i te t'cci'uititctu. aid ti'i.twm (it- permoimM~ toill' h(e ll iii. 5tiv.

fI)Lst years mltry bu~dget.
AlIt ough possýible changes iol the I ittili price, level 111,iV he: relatively till-

Mimportant1 in systemls manalsi,, the incutidete (if cost hrorn year It)o sear orn

hle :-H ii~llitat"1L11 eOlliIde'tilalM in Ii'o.,imrlimiilg insttts to liitii' Il~ice

1tr:1 ores. :ttlc.lrs whenC tiglu~tni OIt !~XlI il0 tIe oiC i-ValI blld net.

hitiporlumt conce~pt in our cost talvsi~s s sin P, nsoat a1k% s suflicicint toI

deCCinhe thecot' o CO a Of tei Iw 1011 oJL;l i Si tf tit?.ttIe (1L5lCll o
expeditreIt thet end of ai loig p~rilol oA s'eais. Sieccesso'e '(11111i ItOtals

(son 1d te refrre I IC'ICl1 S costl siteal is;) oimy, h1C earnpitllo I w 1:nih system I
under consideration. ( amparin( 11g the tutti recot streals Of CCAflptp tlg Systems
isI smewhaM'Vt nIore diliColt httt often more wcsf 01 thamcn iup~irlar simple

'IlumIp si COSTS.

k lu-sely iciitud, to the- ti inc-pirtirng of, syt4meicosýts ih, 1 OIU I t ofl in-

er-centeili costing. A neCW generaMa 11 (Ii 55i~ -- tý ill .. -~' I

11;11t thle I neilitiCS crated110( tarl earlierl gettcr:ltillti. whelt B1-5" ?s came inito

kSC. mairt cxi sting bas~c facilitil:s coulid he li,,ld ljý til t- 10-1 witie' Ill c.:;l
9ti I ' llij thle 13-52,5 t41 it WC;S theref or(

ilcsavto inIclude only tItle jdlihltttlld II it ill thlis as reChliv XLI sllall I

eXpendkiturle:; necessarvy iol ;ld;lpL the facilities, lM Ihc 1n0'C'tte oletitl

l....,in ibCall Sign1iietutIly a1icet choi1ces NOCI here Ofi IhU111 C0III~I)L'til.l systcttI

canl take adVantage. ol cxi.sting tiilita'rý i15'tt,

U ntil reo theti choice: anmoiig xx ealtori ss as :i'4n1o' isolatedi pro-

LIcorenteitt declisol Btitl iii týý /I,- last decade the ch oices tand the probtlems of

mtilIita ry plnamiting htave 111ctLe Couh or inttereon neeteu. Arnong the
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reasons for this mnay bc mentioned the Increasing rapidily Of technological

Change, the greater complexity of the hew systems, the length ot time required
for theiv development and production, and their greater dependence -upon
other weapon and support syste~ms within the sainie service and in the other

services as well.
i'heqe interdcpendenccs are recognizced in the RAND Concept Of total -qCtiVity

cost. Under this concept a. proposed system is examined in terms of units
of oiniatcapability placed in a -onipicte otperational context. In the Air.

Force these tunits are. t5'pically wings, squadrons, or sites. For a B-52 wingI
4P . or cxample, costs inctude n ot only the "hardiware",!, persotnnel, andI basing

costs easily identified at the wing level, but, also the costs of necessary
supporting activities, such asiAir Traini ng (Commnanid replacement training
and Air Force Logistics Conmmand deipot mnairitenancv associated ditectly wrih

the B-52 system.
From -what has already been said about the significanc~e of tim-e-phasing in,,

syst~rms cost analy~sis, it will be apparent that ther-e are adlvantages 'in clearly
idenlifying costs as they occuir in nalirrd timec sequence. Before a p'ew systeml

can be Procuredl, it nuitst be developed, and this involves a series of research
and development costs. When the new system is adopted and is being in-

troduced into thc active inventory, there are uxpcnditnircs for procuremnent,
basing, initial tr-aining, etc. Finafly, there arc annual Operation expenrses. These
.matnrai timec divisions ale itlentifiled a'; !separaitc categories in the HSAND costing

Estimnats of theI. total cust of1 a1 system are developpd by itroes of

analysis and synrthe-sis. Major categories and suiihc.eg ~rics of resources are
identified and grouped, and the~ir dolliar costs estimated and summued. Siihtotals

are developed which represent the estimratedl SVysteJIi Costs for (1) rese'irolh and

d~vlomcn, 2)inveStInedt11, and (3) i.perationi.

These three majtor categories are d"]iscussed la,,ter. A't this point if need only
-es id ht , ystm:; co-st analysis -is not.k a mcchatiical operation. It requires

judgmntri, skill, andi obj~ectivity On. thet pat of thec anaolyst. "Ilhc afnalyst inust,

to differencs In systemn chrctrstc 1i iinfh&is -of' operation, for these( tire

often the key. to differences in total cost h~ts,ýrcun com;?etiig system'ls. it
should bellaszd oo, that the prinlairy 1rUposO 01 Cost atillylSis is coum1-

parison: to provide esfiif alt s 4' Hic cc-Iii pafIr;tiVC o~r I Pecosts of competing

systertis, not to forecast prccm sCiy ,mccurat- cost niutzj nle of hudget adniinistra-

tion. (Comparison is aide;' nyossec nmto yesulgtusimilar
tieatiiieit- of Similar ilnsof c~st iii'diffle7rent -systci is ( oni~tiiýcq also rqire

that each system be given the benelits derivable from- existin4 assctýi

So far - have spoe!Ln is f -';stenls cost analysis -weie lim-ited fo,

comparisons of individual systems. In the past this was often true, although
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what has already been said: above about incremnirtal costing-:and time-phasing

of costs should suggest that alternative systems cannot he. fully compared

withouti iaking into accoutm tlie,, other systenis and nonsyste-m elements which

constitute the existing (or projected) "total force strulcture".

-If (lhe total force is costed both with and without the addition of a

particular system, the difference between thc two total costs -is the cost of

the system. H-ere the comparison of costs between twG competing systems

is a- comparison of the additional or "mnarginal" costs incurred in each ease

in add&inlg the nlew system to the total foirce. This ty~pe Of study requires,

Itherefore, a mnore complete and profound analysis of co~stss than is necessary

for system com-parisons ca~rncd olit, as it were. inl isolation.

-There are good reasons loi tugat-dinigi cost al'ssof the total force

structure as one of the m-ain goals toward which r. sloatch ininilitary cost

Thalysis should be directed. We rely on aind pay for thle effectiveni ess of the

t11otal force. '[hle military services are attempting to achieve the i~iost effective

.over-all "mnix" of weapon systems and other systemns foi- a given. cost, or the

least cost, for a given total effectiveniess--in short, 'the most eflicient use of

all the resoulrCcs whiCh diC noin llaiOCattes to defense,

Flou 00-his point of view, individual weapon systemis cost a~nalysis isai

example of what is called lower-level "suhopt flnizat ion" in systemis analysis.

It ii, the 'seckiiig of efficiency inl the small, while total force structure --analysis

a .ims at efficiency iii dilehog.

It must he admitted that there are dilliculties. involved in) carrying ouLtilic

Ch ectivenCYs Otnalysis of alterntative total force- stru~ctures. But, Ceuit if the

total effvctiveness of tile varfious pos, ihiec ombil ijations of syý;teins should he

largely ai 11atter for siuhicetivc jiudgment, it. is still Imperative to know what the

costs aie likely to he.

- -15.. CosiANALYSIS -M; IND ivMJAL SYSTEMS -,'

'This icction, concerned. w.ith cost estima~tvnti for individ'a y 1.1 'Misop Mn-

ptifics Ihe- probicin by looking at each systemn ,s iif it were inure or less

* ~ ~ kte sy;,1n withir..'.bn' thQ total, f,.rc'r' Sirli(1mr1' 11 fi ve': !!tnirnt~n

onl th vr~n lments, within and directly related to thle ty-stemi which

timist he tak:,en into account ill fthe cost analysis process. As wcý have alreadly

iniatd this is but. one approach to the cost analysis. of ,in individual system.

The svsiem cost ngiy aliso) e derived, throu~gni' tofhi, force cost analysis, as

the miarginal cost iiivolved in adding the syst~ii -to tli! -e forr,~ struiemir While-

ife adivalnjimges of Lithu latter aprahare wore, andp Foe rcognized, it is

2 Sce, C. J. Hitch andR I. N. McKeain, The Jionondac4ý of L'efenm- i/7 thr Nit/ear

A..-, Harvard Uiest fP :"irlc.Ma'le 1960' on. 125-133.
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not always possible to earry' oul a1 iotal f~orce ;Indyý-s; ari1d, If quick, gross
compar-3son of' several rather *:jinimilar systcnms is rai qi red, the total 1 orceý
mrethod inwa, be~ Lnne cessarily refinled for the plurpose. NIorecover, mlanyv of
thc lsmenethicds of' costing are the same w~hether we look at isolated systemis
or aiggregations of> system11s. The present iliserivsiori thlerefore provieCs at
f70Undation f'or *1,otal force cost a nalyssI .

Thre first thifiig di, anialyst mo1Lst dO is to miake sur-e I hlt hie understeands
the syNsteml with which hie is worb ii~c. He shouild hegin his work hb' iiatilcringr
s uflca de;cj:':"naeralan alta. Thte degýree of det;Ii of this hil'f~rAil-
Lion deptrids upon the Wafore 0f the 'systemu, and part of thte skill of' the
analyst lies inl selecting and seeking out the specifications he needs. The. list

iii[alel i i1)piea, arid givusý 'an ide-a Of the kJomp.CXleiV of the inalystAS
task. 01 Of YCous, manffy Of' the speC~ifCicatios Will he lincerta inl approxinalt ions',

eCrpeei~llV fo0r systemIs whose opem~it~iorl uISe lies fall ill [lhe futluIe. For UIR Se,
a ran~ge ofl likely vallues Ohoirl lri beobtained rather than a single value.

Syte sectl 'Ionsand aSSoIiiIPtiOII (cx; -mph's)

1. Ptrimrary CqiMIIICipie iiSrelretn s(f pvsshibl hy miajor componenits, c iu. airframie
or sfrne~tureC.. PopL]irlso, guidance).I
A. P~erformance spec~ifications

1.Examp ics Iiorai rale-
aI .Speed~
b. CombbI rdirius
C. C'limb
d. Ccifinra
c. Raýngec

t.Load

2. Examjples 'for electron ics -

-a. rrequency
b. ('o1ti1nuous VS. .steriluitic opitralisir
C. 1 irnctions to he pe rfoirnid atid spuced (I ct tllit;limli~i

'1 ~ (P .rsei _: , t'( ý' torn-- -'i levwi;Iire rive tifne Mrd/01- dr1ift rateC,
d ixrieirrintitin !n etupabi lily, ect.)

C. Jarnnuhilitv
3.Ex"Amples for enginecs

a. Raiting

C. (1)uIrating terrperati rrc

11. VLeiglut data1

(C. Other plnySiiCaj d at

1. Lamiptcs i br unra i rnicbs
a. SI~zc daia (e .g. furselarge lenigthi, wing' ;irca wingp spnifl, vtc.)
b. Conrstrurctionr cnaracteristics
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(.1) Sheet illd stringer
(2) Sandwich, waffle, elL.
(3) Foamed metal
(4) Welde~lvs. pycvted
(5) Castings, forgtngs, extrusions, Wellnilntls, etc.

c. Basic metal ts'pes (with iseqet. to iicejus ill 1). ablove)
d. ITple m lce S (With 1 CI ct to iltniv, inl b. nitl't~c

It 2 Ex'unj.lcs for electironics.

K T 'ypc oft cowistrciition jletiniqic (title. tranlsistor, iiiodnlait)
c. Ni')ttber or t i ihe or ot ilt

ItIP.owlern reuiatr (fm rdas'

D- Who thle iiianufactmitre is or is dlIely to be.

11. (jOftiid SLi11pti OLM)HC1 CqittiiSpuc-ificatoltiSj al;;tiegouto thiose lisleild tiidcl. 1,

111. O.pel Lti t . ~lii Concept SP'c ii c lit i in oi assim Ii ph 0ons atid related maltte Ii.

I ;xamples are:

A. Force size
13. Ci ci gr ph icall dep lo yIN:1 t \L5PL! ciallY overse is vs. zi)
C. Du~spe rsal twitiCO11

D. Activity., rates.
EL. Fixed or mobile systcin and dles ription thereof
F. "Hard" ur ".mft" systerlji, and "psi speci licittion ii hardum.

(. (rganioiti~onal concIept: WViHCg ' 'p. ;01c. 1 mn irnib-r (Af %q*-,i',~ per
Willi or Liont3

H-. Alen' tnp1 ;itiitt :lit(1 i clatnil miitimiiiin cýoncept

j Numhitie of veal s the s\ steIcn ish Joe in tihe otieiatiniittl hiiVclttoiv 1
K. i1raiitiing ettitinpls and ill tile ca9. of, n1iisdte systciiis: (;a) nutiber. oft liiissjli

-to be us"ed iii inlitialltanje (h) 1iiotiil'ei lif liVC - iiIgi i'M i it1ti

traininug poip nspcr yvr't

IL. L~ogi st ic,, SlippOr onet secal i-cvpard injý, dtepol rt. a ilt tcrt 'mwc
depot, or contraclor?.). is there to heit eot kl.:~_)1 1por aciLCL

M. Pern=aaent or tem-Polaryfaiti?
T1_-,rqint lir- non ttnaiit oneration?.

(iManase t' the tlCVC1llopTti11III~t o itci,
in Iihe test inve'ttoi port seeyivnii'c fvlth

Ill tirlditioii 1() tltc ti lot Il atttioii,'Itl Such liss, ilie ial'mkst lL it a &I asic IC

i*, I l lv I , ý l c~ ll s im p i c ;n b O t Il) l -,;ti IS i ti tiJ t e f c i l l 2 a ~ t c~ f i lli

cost' a nt kaI sis. I nll i espl i dl es I II % 1't11C lO llOW I Fim V iliaratC C rtsI'll aic M C ra t c
t seCt of cost aiiimlyisvetp

.rOI~i\'sri ltit~ 1 SI lOit h i~lc l, o si['01 aio total1 COst ItWO: the t ;tt'iMthi

Ii
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h. investment (procuremnent and placin-g In 'operational use), and
c. operation (.cost of operation over a period of years).

2. The set should he as all-inclusive as possible' so as to precludeC the omission

of significant elements of cost.

3. ot c~egoiesshoud le dsigned in wyay that Wvill facilitate doter-
minitation of those elemnents of the system that have the greatest iri-ipact on
total co--st, and that aro most sensitive to changes in hardware char-
acteris-tics or variations in operational concept.

* ~As a result of experience with a variety of analytical schemes, we have
developedCL the fr~anmeork (if cost analysis categories given in Table 15.2.
Here, various cnvq elements, are grouped uinder the three major eategories
which represent the phas'es in the life cyqcl of a typieal'weitpon system.

TABLE 15.2
Cost zuialysis cegteories for individual sysitemps

I.Research and development costs
A. Syw.tern development
w. System- test andl evaluatiun
C. Methe systum. costs

11. Invcstm-ent costs

A. hIstullatiun11

3. ',Mher

1. Initial siock levelsI
2. Fq i inentI o spianes and1( spiliu- pnari (i TitI ti

D1. Initial trinming
E. Miscellaneouis

1.Initial 4asotto
2. Initial trait

ii ~ and s-nrinn major commarid

Ml. Jpuliltiiig co"'ts

A. rP ip-inuivt anid inskiall ations repl.-IceiInen
1,I Primary mnission equiptlment

3. Othier e-quipment

1. Primary mnission equipmnent
2. Speci~alized equipment

Otlwr equipment
4. Installations

C. Pay and allowcneles:
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D. Training

E. Fuels, lubricants aud propellants
1. Primary: mission equipmet.uL

2. Other

F. Services and miscellaneous
1. Transportation
2. Travel
3 Other (including maintenance of organ izationDal equipment)

G. Intermodlict ariud support major command operating cost (onily exceptio-hally
included in cost analysis of individual -vstems)

Figures 15.1 and 15.2 show ;in simplified form the cost history of a typical

weaponi system. In Fig. 15.1 the costs for each (if the threc basic categories.
aiec represented by smoothed curves,- overlapping somewhat, but typically

displaying successive maximums. Figure 15.2 shows, the same data for

successive fiscal years in a bar -graph on a. slightly diffcrenrt sca le. The eighti

of, the har shows the total yearly expenditure for all three categories.

In the discussion, that follows, it is helpful to keep these figures in mind.

Chronoilogically, we should hegin with a desoeriptioA of research and develop-

ment costs, porrcced to investment, arid end with operating costs. Howev-er,-

beccause of the vci-v nature. of research and development activities with their

iohg lead t irne! and elemenits' of uncertainty, the costing of this categoi y

presents spe-cial difficulties, It is less routine and more speculative and draws,

heav.ily on pirofessionnl insig'ht rndý judgmevnt. It would be an artlvantage to the

reader, if H tr, not Alreadly eexp.,rienced in cilst annlv'.is. to apirr~ach the

problemns orf irecarclr and developmeiuit costing after he hasi been introduced

pto inivest I ne1nt itod operating .;ostking. [his Is the 1. plno . 'ýiij oN~t
adloptcod hcre.

IflvLetfll(Nli Cosis

Investment costs are thos5e uonc-time ouitlays required to introduce at naw

capabhility ;-o 011. o1plertional for-ce, after it, re'Uirh~ edquipment has beenI

det-vrlopeA raid tested to an acceptable level of reliability. Tlhis new capabi!ity

nay !epresr_ ci a new weapon w;stemn or at morliheaic-fon of an e;-:iting

oeC--for examuple, a nlew air-to-surface. riissilc introduLced into ain existing

st rategic bombing syste~m. Investment cuosts arc also geiloerate~d iii the non-

_s/p;ensvrt of' the Air Force:. initiali -outlays fur additional pursonne! f:rcilities

at Headquarters, SAC and for'! a new warehoLISe at 'i AiIoc lgsi
('o~naarrd lepot are illristratimins of.ý such investmI-ent costs. Illha follows.

we shall desc; ihe each of the iisves"Im-enr- costa 1i-,tcii :M Tale .....

:sSpace limitations preclude discussion of hiow eost.5 are estimated 'in eachr of

these categor ies. For such a discussion, see David Novick. System and Total

Force c:ost Analysis. 'The RANI) Ccorporatiun, RM-2695, April 15, 1961; Chapter 2,
frorri which much of the al-ove m-aterial has been quotcd' ve.batim.
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Ri~ ardi andl

dec'elojtiiint .. (

1i~16.11

g.1. Systemi enwi -iphasing (idcadi/edcae)

r-4 Al 1

I~~ ~ i1iej It __ __

1
0':iii~~iri(,ii'I Mnr~ f e i:'ipmi s't i n t'? lht- Ali I oree

n d.i : vcntnv usna trlly Ini Ctl af sbii t 1 u'14'~ ~ is 1 io- :VI i

J S l tryaC t I U l is ay t r u e v ~ I. mdj j i i l h ý ;'I i , l h a lve l lu i - 1ee n 1 ) L iL f .J u th o w. ( V ' n ii

nuw wejoori ik pha;ed-il-L: i ani cxlsi njc bwc sItrcturc om ~i)h lvt:Sifllcl ill

facilities" is u1sually nCceSs-ary. RunwayIS IllIIV ha:ve to hu Iefm'tht:erd hkd. "

jdia cnstmcetd, flew !m)flitenlmu Shops In (ivjdcdl .Addit t! 1,na pu!-Im
]acilities built. Whet hcr new installation,; arc construnet-d -,Y cxMiiý
mo0difieLL theC COStS areiU1'~ neludei I I une theiheding, Ofi illA IIiii

A uood starting point h ir letai: iling lthe elemenrts of this, c~itcuorv h' the Air
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PorUc2 nolinenclattire For real property" W4112 which tile mu [amy cost anniyst
Should makO himself thorniqlvhlx f:.li Iliar. T[he 'mainlwhadinigs are listed ill
Table 15,3, .m

Bas ic pi opcily noinench it tre

Operational 4:66icijs I
F icle di spenasing f c1le
Commuincations and 1:flavigntimnim laclilijic
I Land 4npvralioama focil ijeis

Training faci litics
'irairi~ng. buii ldings

'Ira1ifling" ranlges and drill 'lilds :

Maintunane facilities

Guoided missilos
Autoino tive
Weaponis
Ammunition
[leclionaics and colimmilnicatinnis

II
Alanitalic nd clinic,

Adoviredistu tim.huldap

,.,.,itmm 'ac ;U ( rmnc irlanit fac ilities~

4., Air Force anu lal no U3 ' and crprt Siilnd('dlan icuc'ihune
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Community facilities
Personnel support and services
Morale, welfare and recreation (interior)
Morale, welfare anid recreation (,exterior)

Utilities and ground improvements
Electrical facilities
Heating facilities
Sewage and refuse facilitie.s
Water, facilitiesI
Roadý arnd sidewalks0
Raiinradx
Ground drainage and fencing
Fire and other alarmn systemns

A!-ca eu f-ritjesP:

Land

Equipment. Expenditures for q1QUipinenit are often thle largest of all the

investment outlays in dollars required to establish a new Air Force coriibat
capability. An extremely wide varie~ty of equipment is neceded- --var-ying ftonli

equipment, to stoves and tables used in mess balls.
Our procedure summarizes t he initial equipm-ent costs foa it coibat.

squadron under the tollowing manin categories: (1) primary mnissiconi cquipincnit,

J(2) specialized eqiuipment, and (3) other eqiuipmenit. ir.veal wenclt in Ceuuiplicnit

for the direct supp'"it () 11l -e ysii UIC the sh[ipplui iiij 1ui inimaii lvel is
included in the 111iscelhinvoiis category 1 -

'The prinwry nii .sYi .of equipment category represents thle initial cost of the

priffary Mission equipment, ossigned LO conmhat organizations. It inciudces the

totW cost of the equipment itself (ineluding all goveramnlnt-turF~iushedC equip-
ment), but excludes initial spares and spare parts. 'These litter itemns, although

procured along with the equipment, are accounted for vundrsok (catcg(ory
It C). Since the unit cost of any particular item of dquiprncict deplin&;(, to

J ault- c.Atcnt Upo *th nutubcr of items~ produced, tb ting

proceuss foi primary tuission equipment roulSt 0e anl inleguatLusI luil elul~aciing

not only the deliveries of equipmenit ;o the combat orgaiiizalfion, but also

items of equipment , 2COUiMtd for in othecr cos;t categories. J he RANI) procc'euhire

therefore Provides; for simultonentiS elstimationl Of tile. c-Ost 0f tile 'eukLiilun1ca

as-sign-ed to various cost categories, suich Ws reSCO-irci and developmnen, primary

missionr equipment, su1pporT Major command investment, initial traininug tfor
missiles), equipment replacement, and annual training. U-sually, equ' iipumlent

-vst estimates are liuiilt up by slimmrfing the. costs of major comnpofients by
cost element for each ýoinponent. Examples of major componenit structure,;
are given in Table 15.4, and cost element structures in Table 55
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TABLE 15,4

Equipmont components I~xanlplesY

Compoiwnt structure for a balli~tic missile Receivers
(or similar aerospace vehicle) Powei supply cquipment

Airframe Miscellaneous,

Structural Velocity filter

Lead Iing edges :.Moving target indicator group

B;-dy skiu~n i!ding tanlkage) CablingU

,tr"!Cturall members (frame.)Ote
,sub-i-ystemls (electrical), Coinponen! structiure for a bomber aircraft

Cqptrols (electro mechanical)Aifan
jrow~rPiauiWings

Liquid rocket Fuiselage
P~ump drive assemIildyi npnig

lurbo-pumpMiclaeu

Gas generator Mr p isc olncsyt em
Thrust chamber Plurouson csys
Proerlntier~ e and fittingsyse Bombing uavigatilul MS missile guidancc

Frame or mounting structureDens lcris systemn
Accessory poWem su)Pply ecnclctnisytm

solid ;r-6c .ket' Mission and traffic control syrtm

Casing Other

Nozzle Offecnsive missile (ASM)

l'roncel h,nt A ii fram~e

11uidan~ce P ropuls on

Inertiali.Icru:
Inertial nicamicremnt. unit Di~efleis missile (if :;ny)

Platform M4i scell an eous
Accelrornee, scomponent struclurec1far fighter aircraft

Gyroscopes
Cornputors A~irframne
Control central &. associated Wings

cXctaronics
Radio commjand E~mpjennage

- Miicellaneous.

IlIacons; I r-o'kion system

Antenna FI kctron iC'i

P-kyloa! l ire conirol systemr

Noecone Msission and traffic comit-1l system11

Arminjg an- fusing, ( A4 o< n other type, of missile

Warhead Airfrait,.
Propulsinol

Cotflpofii('t structure for a primec radar iieCt'Unics

Antenna and wave,, guide Miscellianeous

TFransmitter
Modulator
Pulse compression equipment
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Cost elements of equipinorl coinponenis

(Applicable generally to ilcm.-s of lillajor eqciipoilcot)I

Dir'i~t laboio ,I Ila
Material PI OnIUCtiOnl engineeringI

Raw ninterainNliie
D. C" \itfl!L XhI 'A i I1

~,~~unraccealICri
ont''cii tao

Mvanufitctiirinll overheadt Fnginlcri-ili cliaiiees:~

Valriable.C tLeerilc~ and( admiinisiralive expeniseI

Direct labor I dis ia Ificlit iCS (if' req ~iii ic

The spe'cialized/ (iv/i110c'fl cal'gr iICiLudeS 401cmS of' Support equ~ipmnent

whic ciarc specialized to the lpriimary a !MS11iuu C'quijMV-i t F01rlMall', fiture
,ý,Im spociafliy hAh; i ic.i miss~ile ;110 'ýcIfrllile svsllIfca1t lb oi ' 4) spia l

e.qi-iii1mCInt maify lie largo. In sonic cases, it is; already the lairieest SinigleCcLlemnt
IIIS~seniinvstiuntC"'st.Recusuof ilenatIC )fspecialie iccl qoipnLiit, i ts

components vary ronnidcr~ahlv' from one sy'stenm to miother. Three c

airc gieNcti [ ahle I SA6

SpecialiZed eqiiipiiibimlI (cxa TI 11plcS)

I. For a hallist-.c missile ,y:~emi:

Launching

Co~ntrol
Checkout
Power, arid irc~siititizai mi
(aLbliicg anld coq1nn 11icmliiiia ris
Special tr-nsýport v'eliclez (1liiilf~ ' lM nil0
Special iiaintcriancuee cqidipine
Speciali Jiimilation cquiimiietii Icir fr;iccio plosmes

2.For asatellite icconiaissalice cvcn

Lanuichnig
"'heclcoit
Tr a inin g
Rzeadoult
Mainicnancc

mune ins 'ic-in nietwork
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.3. For! a bhi -pcrformaneinc fighter aircraft system:

Aircraft servicing equipmen~t
oISpecial trucks and trailers
Missile serviring equipment

,Special maintenance and tcst 6quipment
;rSpce~ia~iitcd simuilation eqilipnient

Thle cost of ail initlial equipmnent not included ini the two previous categories
isincluded under thQ heading eiher equipouni. This c~atforyconais st

items Lis tacfieal unit sUpporL niiremit. (if bougiht from current production),
gecapurpose vhiciecs., consi'isietion eqtiipmcni, akaliidfigeopI

pvpt. ,neciail flvii cloth inc anid similar individual equipment, and general

purpose mlaintecnanice equipment.

measure. ilopentlent onl flh ready availability of cejtain SUpplics. Air F~orce
uliillihmt and support raniantifons nmist ha on hand SUPplies Of fi'

The, coý'stsnt re in -stablishingi, these initial invvntories a ,t the thilclriat adpplanmitene ules ndprsar arcaf
combat. vnit is formed irec included nndcr Ih be ivt-tment cieateory called
stcc~ AIscneto stock, is brood onle. the1k Icrinl Is define I to mnean I
not colly initial inventiiricei on harid with time combat urilt, lint lo h jinjt*

pro- raW ';taie: Of ;tltIisii tile Air lFhree oist (m1imhmilloil ikepots ;jIl
thec supplies inI the pipeline f romi i1aiuifactriing plant to depot..

[or convenience inl counpu~taion i and presenitationl, Ille category fhas b~een
inrokent down into two siuihategories: ini~tial -tock level oft suipplieis and fuels. I

and eq iiipiiiCnt Sparel'S and sreparts.

Iflini/ !riraiito. iiCse costs covcr:

Fcmm-mat trainine nece,,sary to briiw ngc imimi mliii up) li lme fcvIl of skill
required fur his occnpat ion with hle new systemi. This inchufes direct costs
(paty andl allowanlcs ouf StuildeniU; paiy allot atliiWmiccs of inlsfriitirs, etc.),
indlirect v-4sst (prIt 1;1:1i slimirc ot pay aiiii ý1m1(owanccs of Slnppori PC]rson11eld

( base mauppomit costs. tr~miiin1ins commmiunid loverheaýd, etc.' ant pro ralin share
of depot mnailiicnluuicm: CostI for coilrr:e~s t~sii fainer aircraft,

2. Missiles',coiisuniedil ii li%,e fitriiigs dmiiiin the- initial traiuingr of pisonilel
Ofra ne~w wi'm 1pou sysiemlhi.'Imte cosL (if -iist li:iie ll plit~d 'hy t!bc-

integrated pri1.i-iav uqiiipiniciii Losling mclloid referred toi prevmonwsiv.

Alicela~ionsi~uetIV( emI:1I. This caitegory Unhi lu thfollooming ite-ms:

1.initi at irs mnjorta tion: lhe cn vt! trmansn Qt Il qtio i all mi i it ~ pl e4Ois aInd
equipme.n t, %cecp! aircr~~tt nld iTciterials, iivwd iii comnstrictinn of basFe
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facilities. Aircraft are assumcd to be tr~ansported uinder their own power,
and construction co-st factors% used to compute thr, initial, cost of installations
include itn allowance ff-r Est-des'tiitlion transportation.

2. Initial tiravelb the cost of transporting "personnel and their dependents to
the oprating bases when a system. is phased in to the. active force

3. Interrmediate ,iiand support major commsand investment cost: investinents
made at.,h inemdate and support major command level wh~ith canI
b- b pe c.,hay idexntlfwd with thec particular systuvll iider consideration.
Exafrplcs arc the following:

Tho initial cost of simulation. ccuuipmedt (including initial soares) to b e 1
used by the Air Training Command' in direct training support -f a
given system.

The initial cost of primary mission cquipment (including initial spares)
to bo used hy the Air Training Command. ill direct training support of
a given systemn (for example,- thie F-i02 s assignie' to- me Aric to support
the F-107. program, both for initial and replacement training).

Investment in new equipment ;jntt/oj- facilities at Air Fo5CI Logi~tiCS
Commuand for dcpot maintenance .opotof i. given ,iyitclm.

Operating Co.vt
Operating Costs ore- those recu. inig ariul~al uuotmays lodiiu opiizfar aind

maintain USAF activities after they have been initiated into0 service............
Olur analvsiý. dleAl' .,Il) tiu-sr rtAus illn l 11w ajor CategorIes di.scHSsCed below

Equipmnent and iwitallaftiuus rq..hic'oit'nt. llIEN ciligol y J1Iu~L tIC.s dic CoAt

of anniual at t~itiolm of pli iualy uuission uqumupincent. thu nunmml eleni
cost ot specialized and "other" equipment, and the .outlays fo~r rk-pkcilenent

(in kind) of worn-out hase facilities.

Main 1.4zance. Here, we azcumulatc the cos t oft maintaining ihec poinam y

in~issiop e.quipment (hid tidinig depot d altia c) ime spucial ted anid "othi-ir

CM~UiPD)LAII, Uiid theIC Outlay-, rqUired fOr materials andl Contractual services

for maintenance of base 'iiaciiit es. (Pay of rnilital'y J)CI Sih0mci ngae

maintenancL activities at the base level is n.ot inludeKId here, hilit iý accuni'-flated

under the pay and allowances category.)

Pay and Walowances. Yhis category incdel'dc basic pa(iacniugv ~ ge~,

cash subsistiLmiee allo~wances, cash quarters ýilfowanccs, gcnertil olliccr porsornne

m-oney allow ain es, hazard pay, ma.in temn e. clothiing allowaince. ovcrtiuni ~frud
cost-ofLliving allowances foi' civilians; dislocation allowanlce, rutirenicuit dednc-
tions, land income taxes withelcd, plus a supplemniital cost which includes

lousyl-sumn payments, FICA charges, ýlh~isistcnce, pi~rnnanrit c7hange of station

truvel, and Wcniporary duty travel for military personnel.
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Train~ing. Annual fraining cost is mnade up is follows.,

1. -the cosi of itairiijug replacements for fik-isi-none leaving an Air Foie urnit
because of discharge, resignation, return to inactive status, etc.

2.."he cost of-any missiles, and ,fuel, consumed in periodic live firings for
Itiraiiung purposes. (Missiles are costed by the illtegiated procedure previously
described.)

F'uels, lubricants, and propellants. The annual Cost Of fuels, librica nts andf
pyopeiflloys for ihe primary mission equipment aind unit suippeort aircraft is
accumulated under this category.

Services and iscellaneuson. Thscategory includes a large ininber o'f Small

items of operation cost, thle a~gpregate nf which is typically a %ainall proportion

of the total annual cpeicatiu.- cost for a weapon or support system. Since the

aggregate cost is relatively smiall, it is eS'timatediC~ by major component only,

uising gross estimating methods. The major conplonentý ate:

I. The anelCost Of transporting to the base thew replacemnent ;cqiuipin-tnt and
the Riipphies consitnced dluring that year.

2. The annual cost (it transporltation of muilitary lwrf~onnel aind dependents
incidlent to normal peacetime turnovyer.

3- thr ervce ad mscllneous operating &usts, inicludingz the Cost ofl

-mcil'~,nlip% :)nd contractual services [ot such functions as; base

adnuinict-ration. flight service, supply Operations. i00(1 and medical services,-
and o'.cration and -niAiiteiiancc of orý-a-ni~rltionai equiipmens.

AcCoiding- to 111e logic of' ohur divisioll Of eOSt!,. thiS category 11uiuIt include

all coists ncessary to bring a system to the point where it is 'availabfle for

introduction into, thle active inventpry. We have eniployei! thisý comprehensive

de~finiticin since our initial efforts in the late forties and eairly fi ftie,ý To ;)void

confusion it should be p 'ointed out-that in the past this; usage has been

considleiably roerthan some oif the specialized mecanings convenitionally

associated wbol~ Lhe pllrae.J -inn Air Force context.
T~hrough 1957, bor exampic, ilhe -VT iorcc te ded dv-1lonuu1if oricraft

and test mniss~iles as iterms of production hvi-dware rat~her than R. &-`D. 'tcst

facilities were- funded ouft o1 general installation; inon cy, nitic of' tce;t sate

mlainte-nance Out of: basei operations, aold a number of "li jalui elemant';

cur rently classified ais itelfls of R&lD by the Air Force we-rv fiindc'l elsewhere.

T' uis, -in 0957, while RAND's, broad~er definition of R & D) totaled i;dht $

bill ion, 'thle Air Foyees soar tO vcr uae ow : m onnuih figue

Since 1957, the Air Futec,'s definition oft R. 1) has expanided to wherec

iitoow includes; all the inci.ereental costs required to accomiplish a giv~en

R & D proyanif, exceplt milit.iy personntel, ;,ndl some; R< D base installation

costs. Thus for fiscal year V; ~DS he R .~-Dcxpeiiditinres a? fintdb h
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Aiir I- tice 1totald SI0IIie >mmt iuitiat R\')~ ici 4..' billion toi- tile

ootieuI (,[it x\ IIIII increa'sed spCilding f`or reSearchl anld &tVClopiiient.III liC

'u/o (it opcrational forlces haS tendeL1d to dcreaseI.. 'Ihits, uts a proportion ofl

totall wýeponl coste , areb-C atid deCVelop1Ment haS tAen Onl a 110V

ini1POtaIcc1,0 In adtoIII an.1IIC irain nu erOf NVeapOn svStI~lls are either

"deVxAl)C 'pe Hdintl uuev' I pu 0 to operational Ilse (f-or eamnplcý-Natvaho avid Gloose)

or ~luIused oult atfth-'r very, tlmitedI operationral pioeiuici enut ffor xMliniple Snark
andi ' ilpitel ). U.w Inereasuin lentplith o little reurdfo ' pT (10....!.'li

the clei ~tt aled latý I)!'Icnological progressý d itulhe wou tre (it' ou~r eompe-iti-
lion xvith tile Soviet-Ký [ove ;III contribuIlted to uneI~xpecctdly. cai ty proiect

'i lie impi1 at owustor mii IiamyN buidtiet uiIauaeeuueu~lt ;lilt) pr1O1'lzruiiii liii, ;tic

cleuti HeitIl iil litiieii-[Iigc resear11ch aund developmenlit codt estimlates air

Hie~eded hItit i0Y CVadluatinnll inldiVIduld !wieasstr rp~ai:iiI

esliiuuuitiiaŽ tile Itlildnlag Icktu'rlentsni cl priojecictl total force 5liIuitties.

A word of, cauitionl is inl ordfer Zit thils poiluLthe I a nrJIIc of' research anti

rtevclopuilntl mlake'; flue -osti clt nitriun tasý,k : dillicrit one, The e'si~tecnc of'

;I It-seldlel [itlI tleV12lotJ1I~IeI ltitgrau sll irtulles thalt aI prltpr~isll vt

is XfptCtet to hatVe al preCVOItuIsl ituittaulicil p-141 lii tiiict. lox ci or ;I eauilihiil

tioI(i oh puti-eufeOSle I wi~T tliM e Iiietu(iitCrIte Inl :1 'llici''~iit Its tfinal
)I I I oI.,- t II t I, ItII II( ttcli~i eviýl '' si itts ll I ; 1 !,uuuenml.

Ittillt :imiiniild 11n :itmiustt;wtt vohido 1 bItt it liS ýi~tn~tl~lta[ l'or e~lecittuje (2iimiiianlt1

nuiiil ~ 'T' entel )iiihie support syi~tu ii B.v~;isicni ifi. the able l siiz isi

ulln 15.

Izewsircli :jidt tI'' Liipmieuit 'eSt C,11LP.t Ic!-

A. -ilimiwii vt ,Jiitd! andl deLs~ign
I'..jý:1Ig '111Ciu ettlu.. te t iL Cu ttndw riuii tni,'ipjclIg "uVxI Ce' 'l et Act d Within

;w (:iii! actor'' owl, I iltiliesý, iutliuttinti, tluvclotueiiut testinig (d msubsytems

Ois iiichidtus andlei Iii t -dvctlllliwmul .sul, on ;iri it l h s tel'I mc s tlutl:Ilie[
'Itl .,eC~indi 111511tilt! iliilltio antd groiiut *eqll~iiieni 10! tilneti efuci;:ýouot,

tii
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mind corltr-o . Wind tu nne i, dnchiir~d, Ul V illranmcuntal anld reliability tests
imicy be needed

C. H-ardwaire tahrtcol ion: h rcAbdoanl( mnodels Is. tocK tips, a 0t 1 5Ji sl~cil tes
articles; special jigs, dies, fi xturcs, and other tuolifiLr iiquired primarily~ for

IIdevelopmecnt mid developmient testing

11. svsrcen lest (Ind eveldatjion

'A. Vehicle fabric~ation: the compilete system prod4UCedI for Lihe test inventory;
equipmnnen t sparcs, -and pIO rat[ý aIWý, sha .' nw intd 1stirial equipment and

Ioclinti as rcuic .. ,O p~a

13, (>tptive telt opmerition:;

2Flight test operaion: iiwl ding fuels :uu prope P IOJCII antS sdaarucinI
analysis, and reporting

1). 'test cq tipit teat.iii: soch :as launchci s, Ow ckouit c in~ti] s. handlinig, &~vice s.
ljit idareC aild coal puter sysi cus' fit- r1tiw at test sites:' int Ome ati t

equipment spares
L . lnsýtal-iiiolts tesicen ;riit contrit-iclioit of t'tfclte

A. Depot nna intitanaace amli sup pIN v. satolt
B. Miscellaneous

IV - (Ill(! ni 0 11j itIttii i ' A1.5 I Iett i a it ' I/ 's IiSC its itt il force s Ol rt 1 s1\iS)

Um. ()usr ANA1 YuSI iM OtAIt 91 OR VtR5it

tout~clte ott pitblulritt5 uilt rqutjirilv tie pItrirticilat 'w'ticot to Ise Ii itc( I II
rVilltlutt to 't11er1c, a~ct . jt\~ci:cti\ ilits A4 itt\ imste Ita tic

lsvts IIcilitics itttt l l helm-,it . It Ili a' clitIplON,5'~ttts hed titinsnt. il
1 (

it ill;[\ etitlhitl. thw resitlts o1 hNtsc an11 ppld I ns I-ci ' ti amij'. olit Its th1c
Air 1-1aic \611ittiittlctviitct, tst nsceillic ssstcnirs. I[! this ,cctiini, ki, tike

In its utsolctrt ncleiiwc total floic cost ilttwlhsis iccsto the: ýost(Itig of,

at~tm Ill lt t iittsc ato citshinkat1iort chi 'titi o hu tttiisclc~tl icl'tr

Hicp 6w ..',t I-' lojlli~ I t[hlld an Io

Ow, inlli tt i c5,iititt , t; *l Ic' L ' Irmn lm (Ita.ot. sartstitc 1ln.Il Ic,;i

Fo i !o- ttumoit ani !St Cits ('w isi ill~ c IIIt[cl tittk' I11.1111)e oli 'htilIS'IS * 1r

\vIipoiui a ad sl~ilpport ,yst-cius msak ing tip tile tota; structure. lAs Ii It Ind i, ui
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system; cost analysis,, a prime objective is to identify with each system the
eot / l h ciitics generated by it.

Physical spocificatious of systems, numbors of' squadrons,, etc., are only
part of the data required. In addition, there is the kind of inforia-tioni referred
to earlier as concept specifications or "assumptions". Differences in assumip-
tions (for example, about live-firings in missile traini-ng) can lead to very
large differences in cost estimates. Assumptions include information 'about
concepts of system deployment, trqinin~g;3 and oPef-at-on. In total force anay-d s
they also incluide relevant, iinforniation about rnicsion and Air Force organiza-
tion and policies. Tuin dealing with the iotal fe ree, the ainflyst must
draw upon a much widier universe 'of informati on than for individli al system I
cost analysis carried out in isolation.

Increnzental Costing and Long-T'erm Programmnit.ng

Total force cost analysis aims atl incremiental costing in its fullest sense.
The availabilitv of existing resources is taken into account in estimating the
additional resources requirod to adgl a new, systm t'.- the forcec. Changcý; in.
the existing force 81tructurc (for exanirple, the phasing-out of a weapon system)
may make resources available for new systems heing phased in. These
resources may be of any kind, hut especially im"portant arc trainctd or partly
trained personnel, and installiations and equipimeot uisable directly or after

modification. in total force cost analysis,, all resources are taken into account

corrnI .t-nu, I ,,r these reouces.r"~

Figure 15.3 illustrales this principle in the sirnple casc uf ,;ysqemis
which (we will assume) can make use of the stine bases, crews, and other
resources. B-47 squadrons arc part 9ýf the existing force, and 13-58 squadrons

H O e- t!L

o -g 15- ncIýna okadpaeiipacotrltoihp
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are being phased in. Figure 15S. 3 a show's three, hypotheeical patterns of B-47
phasing, Curve A vorre-sponds to a constant number of B -17 squadrons during

the whole period under consideration. Curve B corresponds to a gradualI
phase-out of B-47's, ~and curve C to a rapid phase-out. The curve at the
l)otto~i of tile chaihC leeeseiits a hypotheticAlly programmed phase-in of
B-58's.

Figure 15.3h shows the associated time-phasing- of investment costs for
/ thle B-58 system. Curve a (c.orresponriding to curve A)y is the uppe im_ HILf

costs, with all bases having to be built from the ground uip, aft personinel
haying to be trained fromi the bcginning-0, et~t. Cuive b illustrates costs With
B-47 bases available for mnioificationn hut crfews rernuirincg full trnining C-iirvi-

c illustrates costs with maximum carryover of resources' bases available for
.modification and crews requiring only transitional training. Aircraft, ground
eqý., ipnen't, and stocks are thereforci the main elements of cost represented
by curve c.

otal force cost analysis provides for incremental costing by establishing a
framewvork within which all the resources available aiid the' needs of the
various systems can be considered simultaneously at suiccessive intervals

of time.I
In practice, theC fiscal year is the uniit of. ti'me eniployed, aind estibnates arec

developed for ceah liseal year 01 tile plogramiiied Period. The Period consid-
vredl isi usually at Jlong onc five cyr tenl years or. moi-e- -hecause of the long
"lead -ti me-'- required tor thle development and prrcuremient ot modern

sytc i(, 111~V ioNL take 7hl s Snefve ..-, ten Years or mo. to.. mve~O fronm

operational liardware5". L on g range plainiii ug and progr..arming of systems
must therefore take such periods into account. In the Air Force, long-range
plans, and programts often cover a hierilul of' ten year,- or more.

Mission and Other Levels of (C7ostj1Anajysis

Between tile individual systems on the one hand, and the total force on

the othe~r. we mnay distiniguish aii intermediate grouping, that of the major.
missions (if the Air Force:. strategic, defenlse, and tactical. Certain nonsystirni
activities, suchI as SAC. lleadquarters, which aile closely idenltifiable With a
major mission, are cmjmbineýd with the app~ropriate weapon systems to miake

tip the total cost of the nissioni.
Nojmnissioti activities such as thosc pam t-i of support mnajor comumanuds (Air

'Force Logistics Comminand :und Aim Trmainintv fimran cr example) w.hich
cannot he allocated ti systems:, or missions, are also 'analyzed and the costs
estirmted. Thus, totals are pit'ovided fur echi weapon or suipport system,

SSee. David Nrmvevk, Lead-T4ime-in Mlodernm Wmcpolls. The RAND Corporation-
P-1 Z41J, -hecenmuer z6, 1957.

J)
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Fig. 15.4 Mi 'tao cost anayiisis is part of -totld fore'

lfOi each mlission, oi liltl ioniiiiissioii activities, andl I6T.

aj whole. 'Yotal foi.rce coot analy sis also makes possibke tho

of' costS, in Orde r to pro0VidC Shttil,tot liiM Spec ialL/c(I S LIPIJý

a, logistics and training, and ior the iajlr budget Sco,',i

program s.
I JSCrS (if' Cost CStj matteS Irui'CiL~tl y havix'c kice oif iii-,l So si

level or other level ar grouping below the total I orc. IFig

schemiatically the relation between such ain analysis iaid t~he%'

.naLydsis which is its context. III some-. cases, a suitable total 1-o

Will lie ;I!ialdy vailValicl, so) that the lowcr-lcvcl~l anal ysi:; may

! ~ !cmedn nirross-classilicatioii. Bolt, if' a stiltabic total 101

iS not alvailabhle, bOth tlic portion 01' the orVce mnder study:I*

of tile toj1:il force ar;ý -spcc i icd and ext endled fori seve al t;

)c Iii t IIinde cr s t i idy

.'11 0i vitii [Y, tI.( uu'illexs. aIm I 'I I r

In Cni1phalSiiniig thei r irclusEE iss wc sk iiiki iiot lo -sc sieLht u!

total Iloice cost i igir 'III(t homs musot be suillicieiitly relined tor l16
impl ications of, siglijficant ch anmges iii strci uctr. 1 hese, c hangrs ul C.

materiel: Very i mp'ii'tnrt. aeChanges ill Lhe suin Vdi''

d~ispersal, alert status, activity rates, irairiing, maning, lo~g'stics,

.nLndfivi'v is. ,ruuirod, canrnot iye bought at the pr-ice (it' hi L sti c iii
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Qs.c Fone11 tli~ng , tiae i'i s iiirpossible for estimates extedikir l~ ivezL rs iiio Wh I rr 'rarte o uhdt Iwl slow Ill, fli
of filit analyif , -1i 3 io l n t

y it "ir nossible to provideC eStimlatvlis Wvli1

ýic Ill Ot l dtd. A iilkfthu i l d i nr'l ysis that r~equiiyes two or th .llcc niiort hs
1'deplationl of ssgl co16fli t is inlrficfor mlost Alir I ci

What should 'lie diiitd it is I n~lo LhOtIL ta 5ýill ~Ci lle thle ir~d yst to

ýIco csfiniafes, Within a much shorter timie arid' that ileai hne
v iady costed foCe stIiLuIctrs to he estimated in a day or two.

npliieficmii anrd miechonizatiori arc limportanit aiids to rapid esthmiatioli.

If (,nsf modlel HIIMts he sinl]i Cie th~a i thle real xvvor Id if p rocodurIt; ! 'ireinot
nu iherdby die ii ass of detui i involved in 1;1 force str Lie~ iree CIIc ti--

)nl thle otherI han1d, too great simpliflicationl will resnlf iti cost iioilels

ticsitive for -ncaningliri iso. [lie solutionl js to he fou-nd ill erC]ia~lier
r.ýstilllatin~g equations inld st;atistical!li't1211icn]es raffier than ill .;i nrlccalrl'ieal2
kkeeping-, approach. I £veir so, a great deal of bookkeepinig and detailled
Iif ctio is involved, tindl a1 high degree oif inic l:miir toicii is ct requi~. I or
-IArpmse a largc-mcnrory, hIighI7 Sp)ccd. digital COliIllieir is em'pltoyed At

'IC comp4)uter pr iiiti)LitLS p roy ide at wealth of i lonicila ti n vvhi c h niou he
(niarized and presented in a suitable mitianer. lial ilfe bleginniing4. tihe

ýods uIsed shllould aini) at thle pr-odliretcii of rest lts significant in tleien-I.

Isand easily' inferprdtahle. I Ki6t imats shlold he aICCuniluHlted Ill a1 way
I imlitates presentation inl ternis of fiscall years oxos, systleis,; npptro

iiaol Costs, and cost culiegoij(es aild theirl 1it'iii(iiil Celedci~k, Sn irniport;iirt
beC rilethod of p~resenting reCsu.lts fli1t 0 have deuvofec et Ot it

W. Coicgo)'iex Rec(''fnsielrd(id '-.

btotal force cost airalysis the basic cost eategoi'ies Used lire thle sanlIQ as
A ii'.-',e p~vo!,yV..-iiul el systemis. adtl otn

atego"~ in irriP null0VtP licel the samec way. 'oome dilfcrenees

tCxi~st because of ti vc geter uIse Of electronic data pioeessiiio in tot,1l
cost anlalysis, hut the pruneiptesi tiile th samec. Miii of th key init

*'halndcaleulated, hoUwever, andI tIre compu11ters only ''hookkcep' the rsls

lt to a poinlt, thek tota ti orce cci)I is tin aiggregation itno thle cia~ o.I f in livtIn~;l
ul is, calCIac tlatd I n lilheL ii to aecýOUr it in~te~grated preiMCirensi nt ind I iiiicr

41
Yrofls lltiitiic svsteilis. In aiddition, ictal force eost miialvsis takes. illi

corn tiiid p~rovides Co~st estrilitites for ti he eeireits of stippoliri iQlg .-- Atlills

Unounsysteni activities which. do -not -eliter direcctly into system costs. We

I he .coniputer progpramn canlnot be diSCuISS);d here. For ai decscription,' see
k, uip. cit.,'pp. 76--93.
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4will discuss these here, followin'g the pattern outlined in Table 15.7, beginhing
wvith investment.

Investment C~osts: Imertr'Fnwatt' and S)upport Major Commands. Intermediate
command invostment costs include such things as SAC radar evaluation and

ceictronic countermeasures units. T'hese are charged to the strategic missionI
as a whole rather than to individual systerns.

Support i-ajori; douinunnd inve~stmennt costs. include such itemns as (1) -the
initial. cos;t of tl-c J.1.. Air Force Academy and new facilities there and- at
the Air University; (2) the initial cost of ncw trainer aircraft (arld rela t ed I
initial spares) assigned to the Air 'Iraining Command for general Air Force

training; and (3) the initial cost ot niew genc~ai p~urpose storage facilities atI
AFLC depots. All of these are chargcd as- investment costs to the Air Force
as a whole.

.Q,,(O,:(4ing~ Costs. interniediate and Support Mvajor Comninands. Tl~e inter-
mnediate Vnnirnand rost cate-gory 1CinICluds (1) the hewiluuarters of air d,!ivisions
and numbered Air :Vorces; (2) Lihe lieadqyiaLetes olf tact ical miajor coilhmands.
(for example, SAC. AU)C, 'MIAC 'USAIu--); and (3) various noncombat organizations
which serve a tactical major command as a whole (for example., personnel -
Processing squadrons,, radar calibration urilis, and statistical ser-iesud
rons). The cost of- intermediate command operation is comnputed as ant entity
10fi eacho 01 th Ci ljor Ar orc~ c mii~ssions.

The support mnajor coroniand cost categoiy includes the Air Force Logistics
C'ormand (excluding depot hiaintcmmance costs charged to systemls) and thle
Air Tralining Command (excluding~ training costs charged ito systems). It also
includes Headquarter UJSAF, Headquarters -fiontinaiid, Continental Air Command,
1USAP- SecurIity Scrviccs, Air University, U,$. Alir Force Academy, Air Force -

Accounting and Finance C-enter, and Air Reserve and Air National Gua~rd
programs.,(IMATS is not included, because it is treated as a separate "mission".)

A dICrl a nd , Dcv1CIPnie'"!QIS Resse ~~orri' mid (Jher Nonsipsteis A? -ti-
vities. This category ineludes al.1 "nonsystcrns"-oriented R & D 'Ictivities.

(Systemns-oriented It & D costs,. are identified to the sy,-emois to which ~they
* pertain.) F.x;inipie. of nonsystems research and development activitmcs arC'

basic and applied rese,,arch, test instrumnentation, anrd development nUppcl rj.

I15.4. COST, SENS1l l1i ANALYSIS

Cost sensitivity analysis attempts to answer -the following questions: How9 -

dtoes JIM, Cost of a System vary as a result of chmanges In the conligllratlon of-

7 Fo "a moi e dztailc-d dis-cu:s-sion :;c INovidr, op. cit.-,. pp 74.;76.
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the system? To what elements (.considering operationial assumptions as well
as hardware specifications) is the total cost of the systemn espeCia'-Ily7 sensitive
or insensitive? Siminir question% many be asked with respect to total force
structures.

In a recent study carried <out ' at RAND, a proposed system was costed. for
36 difeiemnt configurations, in which the following elements wcre ý`aried
withiti certain rang~es fovrce size, wa~rheod~ weight, type of propulsion, sqdadronI

fix ed or moie -"ration, degree of dispersl,- activity rte, andI

tsupport coficept. Even .1with rorce size held constant, the other variations in

configoration produccd a range of system costs vaiying, from a minimum
Of $10,t billion to a m,.aximium oif $21 billioii. Repetitive Costing., with Inn-le

= ~lemnents of the, configuration held constant and otherS varied singly cor iii
1f,,roups, soon rev~ealed the elinments to which costs were sensitive or:insensitive.

E~xccpt for this repetition~ ot. iteration, cost sensitivity anualySiS 'is basically
urt different in method from, cost analysis as aý'~d dI cie.I eeisof course, from techniqules that facilitate repetiton such as the generalized

cst-estimiating., relationships discussed under it~vcstiiient costs, and it is

facilitated by elecironic, data processing. As in clth ia 2 analyses, consistency is
important in cust sensitivity analysis, and the ahalyst should he careful to
avoid any methodological bios in favor of a part icular system.

Exam ples of Cost SeimsitivilY A naiy~sis

*Perhaps the best way tc; describe Cco.senwrsitivity analysi- would. bv to .nive
some examples of its use, both in Individual systeni am',toia ft~d ý- -,

analysis. So -that security restrictions will not iiihibit our choicr oit examples,

the systems are not always identified and fi t chaits arc presentded withiaut

nu~mericail values. Nonetheless, we believe thait they will effectively illustrate
sonici of the basic principles of cost sensitivity analysis. - *

Figure I1S.5 shows sensitivities and inHsensitivi Lies revealed by costing va~ious

configurations of a ballistic missile systiom

1. hle System cost is relatively inseplstive to increases i' in u~' ta s

a cdnisidcrablQ increase in payload can be obtained for Iehativciy small

inCr711LSLS in cost. TAhe explunationl is that a numher of the expviisive comlpO-.

nent~q of the system chaiige little with increases in gross weight Of the Mls?!e
(for example, guidance and control systemns, wround support cquipmerlt, and

installations items associated with fire control and flight vehicle "uidlance).

2. Tlhe systeiti cost is relatively sensitive to type of propellant used. The

explanation is; that the use of solid or- storable liqliid propellaimis elimiimnates the

need for the expensive storage and transfer facif-tics and equipment required

by coyogenie propellants.

3. Th& systerr cost is relatively e rnsitive to tt utmtion of the ground
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Fig. 15.5 Missihl 'Vystein cost vs. pMiylod for v;mrious types (t propellants and
grouLnd cnvironments (fixed nimber of ready missilcs)

enViionlllent.uLlIm cxplallation in this c, iOut all !llilollatL'd criViiofl'IlC it
re(]luil'CS les launch-silo vquk~~:'-•innicnt .qant[d '.{ll-[ ..... I ctlsomuel

facililitvsv

Fig. 15.6 Missilc system cost vs. mean time to failueI !or various probabilities
of succcssful hmiinch (fixed numbecr of launched missiles)

- .'1
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Figur-e 1 5.6 11ilustratesi a missie- sy~tern's cost seiisitivity to thie reliability of.)
its components, as nicaS~ired by ther probability oft al siccesstul Ilaunch and'b

the average length of time a weapoil could ticinaiin on adcr'. status wit'hout.,
ninauttenane (that is, -neim in 6;11 to, failure'''... 1.Vfrv '411ait1icant

systm e~;twould result fronj imrovenients in these charit et's~tic~s, and the
potential savings might justify additional innovatioi~ costs aimeo1 at improved
comiponen~t reliability.

Pý.gr IIllustrates a boost-glide systeili whvich isi1i1~ lui estv
to, increases in the wei,,ht of the warhecad. The cost curve show's Out thie

NAT dould buy Substantiail increases ill w~igtht for Onymodel ia. INss Ill "Yz'lcnil
cost, Figure 1 5.8ý displays (oil a. sighi-tly different cle the ni:lur demeýrielts
of cost which contribute to the total cost curve shown. in Fig.; 1 .7` F-rom
this; breakdowu, it -is app~arent that the cost of the oper'Mitioual flighit Vehlicles
is the most important elemient in thle total cost curve, although othei clemviiins
also conltributeC to its change' of slope.

Figure 15.9 illustrates a ease in which the total cost of a 'sy!si-'iil iiiitial'ly
decreases and then increases,, as, on~ -of the svsi-cn ciaracucii tics is alterctl
toward hi12her1 Values. Thei systemi iiiclides a hal 1 irof si"iftehir inl orbit. <
As their :i iluide is increased, the cost of- the systeivi faiIl,, ni~i ii ly at first,

piiiiiariiy beeCus ti"11C Cli~agein altitLude fee t olil wer sattellites
to do tilt job, Iiis saving is later counterbalanced by the iicicasi ig co-sts of
oi lie, coinpunerts: the lirger lloo,;Utr!s, Iin ore seistivc in'Iilillientation. and
MOWe p1OWeLl1- u OMmunication equipment neene~d for t he greater altitudes.

"oI

15.7 Wa~head weight-
Fig. 157Boost-glide systemr cost vs. warlicad weight (fixed r7ýeady vehicle force)
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Fig. 15.8 Major elements of cost in Fig. 15.7 (shown on a slightly differert scale)
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Fig. 15.9 Satellite system cost vs. altitude (fixed job to be done)
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Tab!. 15.8 illustrates cost sensitivity analysis applied, not to a single system,

but. to the grotp of systems making up the strategic mission. In a recent RAND

study, seven variations of a basic strategic mission werc investigated as part

of a total force cost analysis- Force structure changes were proposcd as shown
in the "Number of Squadrons" panel and the cost implications were shown
in the '"74tal Expenditures" panel. (For security reasons, only a few numerical

results are given here.)

Uses and A dvantages of Cost Senvitivity A nalvsix ,

The systems analyst may be only touching the surface of ihe csi-cffci;-

tiveness problem unless he studies, not only aItefnative system proposals, but

also alternative configurations for each'of the systems under analysis. For

this puipose, he requires the results of a cost sensitivity analysis giving a
range of estimac.," - corresponding to various system specifications and assump-

tions. This is as truii for the more subjective long-range militan- planning

and programming as it is for the formal systems analysis with effectiveness
,peeifiu-d anod aitiii-,iative systcons dcgcribhd in concrete detail.

In total force structure studies, the cost of a given structure is of vital

interest, hut it is likely to be only a starting point for further investigations as

the original structure is adjusted to bring it within given budgetary limits while

niaintaining an acceptable level of effectiveness. In this iterative process of
structure adjustluct," total furor: cost sensitivity analysis ves n-L% hle valu insights I

into the choices available.
Iost sensitivity analysis is a ureful technique for dealing with problems of

uncertainty, the more s01 because conventional statistical methods for deriving

- confidence limits and other criteria of uncertainty cannot be applied generally

to cost estimates. In StUdyitg pioposcd fduturC sys.tms, Ltiti'Ci'Otl5 Uncertainties

must be recognized together with' their impact on system ousts. For example,

there are uncertainties about the size of the systerm force, 'the future price levels,

and the configuration of the system (hardware soeeifications and operational
OtliJ: -l :--,atll•--- - klat. l.OA:. - 31ot.tl* have ..... oh•*, *- l/,w . that perhnaps the

assunIlptiUmlb. " r' -, id. syslim. ...

most important reason for differences between early estimates and final costs.

is that the confivttrati64 of, the 'systern ultimately obtained differs considerably

from., that envisa ed early in the program. Cost sensitivity analysis deals

explicitly with. cost differeiices related to differences in system configuration,

and it therefore can provide a range of .y Cm costs which is likely to be a

"more realistic guide than a single, most probable cost.

15.5. PRESENTATION OF RESULTS

It is not enough that the analyst should produec tirmely and reliable cost

estimates. The dajta are so numerous, the qepults so cotfiplex, and t4heir various

fil

''I
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applications still so little undeislood generally, that tile analyst's work is only
h alf done tinle!5s he presents his conclusions so that they call be understood

readily and made usc (if quickly. Picseettuticii, of results can-not'b re rduced

to a few rules to be- fo)ltowcd inechanieAy.h~ PresenTta)tion is al formn of" inlter-

pretation reqt,ýiring the 'profe~ssional skill and attentih0n of the cost analyst. He

must underst1:1nd and keep' in mind the need.,; of systcnis analysts and Air

FOrce planners and programme.rs. Tihese needsi A,;! .-nfluence not only the

meho -f nreseitnilion. but also, to some degree, th ndst 's choice o

cost moidel al-d costing techniqueCs.
In di'scussing cost sensitivity analysis, we have. ali-cay ~.ihi;rtdsome

seriesi of values at sing from uincertainties' about system p~erformncn.le (for
i'x;,11ple, Fig. I 5.6) or developed byv varying1 tie configuration of a s'ysteml

fsrexan iple,. Figs,.. I 5.5. l 5.7, aund 1 5.91). Tb 15.8 dispklys a t.1hulai

metihod of comparing alternative mission strfuCtUres huilt around thie saine

basic eleiiients. This type, of table can he odapted for manly uses. and is

emrployed IAt RAND for total forýce stuldies as Well :,s studies of mission sh uuiueires.
in the following discussion, weý dcill ib brie:fly or refer .to a ntnn!''r

of other folinmats and methods of presenutation that have beeon, !fa-.n1 t'vahil.
A surfonarv of costs li1ke that shown in -table 15.9 is'ofteii uISeiiii ill itsef

.iU, .....so .srr ... '. ,cni n-hrit to treco(rd resuIl'tS for incoi,p or:'i~oi )

in la'.ter studiies

1-siii ii15.9

Pie' senta~tionI101 SySteUiI I i.'it b)y ('0 ( a eg0ui i '-

*1 ~(Format fo~r a miissile yt)

I.- Rewsta-Lii and h-vvlopmenl costvt . titc
Cost>'

Systeni development

PRi~ri iriialfy stiudy and decsign

Hardware fabrication - -

Svstemn test and cvaltiatioii
Vehicle, faibrication . .

(':mpl iVe test 01-jematkins I x

Ftlight test i ipcratiotiis
teSt C equipmol ent. . , xx
Installations xx, -

(Other systICHIS meSes elid and decveiln pnmeini fcost';
Depot miainteniance and srMItPtY xx

- . NMinor inndificatioiis x
M iscell aneotus x X

total research andi developnmetmt cost % x%

NN'
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Ii. Investment ('().is

Instialhrtions xx
EqUipmenit

Pritnary mission xx
S ei lized xx
Other X

Stocksleesx
Initial stoc:klelsx

-- ... nt sares and spa,,e partr xx
Initial training

rormai iraining xxI
Missiles consumed in 1 ini tTa riigx

Miscellanlcotis

Total investment cost $ xxx
Ill. Operating' costs

3 years 5 years 7 year-s

Primary mission equipment $ xx .$ xx $ xx
Specialized equipmient xx xx xx

Other equipment xx xx xx]
Installations xx x.x xx

Primary mnission equipmentx xx xx

Specialized equipment YXx xx xx
InsltaflatlJO.-Ib xn an an

Pay alnd allowancexs x X xx xx
TIraining~ xx XX- xx
Fut-ls lubric-ants and propellants xx xx xx
Services and miscellancous xx Nx, xx

Total annual operatiOnl Cost $x ,x x

IV. Total syslem r owsi

Rzzacarch *and development I investmrent +operati ol, fw 3 years $ xxxx.

Research. and.. dt-welopmnent +investment + operation for' 5 years $ xxxx
Rt.,eai ch., andJ developmrent -~investmurit ± operatiiln for 7 years, 13 xx,~x

Itthe costs of researcih and developmeLnt, investmient, and' operation differ

significantly amnong alternative, svstemjs, it is imrportlrnt h)pn-sefl C-J'.qimaCS
frsLeveral periods ofoperation, say three, fif- idsvn-erýIIThe che, ipe r

systemi, ir the' short run,,mayv be the rmorec xpensive ;i, thc 16,ng runl, Ii it

has greater operatingy costs. Itte t~hioie between systems therejorc mray turn
I''" ta kL'JJ. ii.

is of particurlar interest, presentt~itons noisrd on) 1?g SA a nd I 5 2 may

be- used.
Table 15.10) illustrates a typir. 1 forimatused in presentitatOllr Of the Strmnmary

results of a total1 forc cost exerepec Sonfietinu-, tine sunima ) is p c~utetu in
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is Olf L11-Ct assistance in totl force cost analysis arid~ in snccessfidl presentation

III Conclusion, the importance of I he basic cost,-,estIin!atin- t-ochnio-vi sholdtl
ag.ain he eniphasizcd. It is casy to get carried :iwiy by elaborate displav hoards

and other fancy display devices- Bwo Without a ren'sonmthlv m~od ciistestimatilwg
method. thcr(c is really no basis for considering the use of'spitiae

pre.-enitation devices. To produce reSOulS oSefUl inplaning and progran-minin
dc iert enthe c's-stn tm' ethod mist, ;ts a mininimum, %tress the

follow~ing- major characteristics.

1.TL a.etivuty Cosh concept oriented toward identificationi of meaningful
"Cen,l [produLct" activities-- for exanmple, weapon anid supptnt systems.

2.Distinction amogRtB nesn t n ioi prtn cosýts.

3. Increme ntal co~sting.

4.. Tinme-pluasin, Of systems and force., and the r-elated costs.
.5. Emtphiasis on those system cost comnlonents that are relatively most

Impotatt ito ib'i :t' natienarly ,e.ji~tvc to) changds in weitpof

characteristics or methods of operationl.. . I
6. t npl phasi s cn consistency ot ni et tod ,I coý.st op adt tern ifi y wqeapon proposals.

7.Rect tgiiitiun of the Pmb 1 ulii idie 11wrkiaint y

ito



Chapter 16

P ITFA L LS IN S YST FMS AN"TA LYS !S

Problemns feor systems analysis arc frequ-ficiiy itllpui ialli, *urIn. nd ificlt

For instance, consider the problem of determining a sttra'tegic force posture.

ii is important not only freni a, milita.ry point of view hut equally from an
economic one, !sinCe thc vast cypense of mi-odern miissile and aircraft systems
makes efficiency imperative. It is urgent, for it must j-e- solved before ~we can

have national security. It is characterized by the numihei ..qid diversity of ihe
factors involved, which emibiace ,engil~cering, eCC( .Vniics, :polfitis, and, psy-
choleey as well as rnili--ary sc-iencc: by the n.eed to' commiti funds;, under
conditions of great uncertainty, fur thIeeomn n oaino enn

tar ;,n advance of the time they will become operational; and by the necessity
for iaainl inoaou -h l nImcigL4IIlce Of tilt: cuenily. I. 1CSC LfiingS,

together with the comparative newness of this entire approach to policy

Thi- chapter calls attention to ihec kinld of errors that are somnetime-s found in~

systemsý analyses. in pa riiciflar I hosc carrie-d out to aid long-range -military

planning. A knowledge of what pitfalls -wiay lie in his path should help theI
analyst to avoid theiri and the user to diwover any errors into which they lmay

Thie errors are 0f thu kinds: sihnoe mistakes or blund-urs;ý and fallacieS.

Blunders are largely tiue to igno~rance, stupidity, or carelessness-crepýj

int! to errors in arithmetic or, in these days of comiputeýrs, to t~dn f-r;

There arc few rvreceplts to tell us how tol avoid bltmde f'o. Itekdý
statement that only smart, well-trained, and ca~reful people should be used asN

befrestcnis too late is little tiractical advice one can give. Tro tli,ýeovr errtn .s
befre t i to laecareful checking and. qualitative Uvalu-ation of thle reason-

:tblpne,4 ofj tho res:ults a-r,- helpfulI-' M"'-'~hc e- -%, hnmnaii: ju:;t makc -mistakes and
experts turn out to he wrong.

I For an additional discussionl, see I-lerinan Kahn, and Irwin Mann, Ten COMITrwn

Pitfll/s, The RAND Corporation, RM-I937, Jnty Jl957, Many of thc- idea,. of this
chapter originated in their work. See also Bernard 0. Knoprnan, "Fallacies in
Operations .Research" and "Comments by C, J. Hitch", Operatitms Reseurch, vol4 4,
nio. 4. August 1956.
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Ch~naer '116

PITrFALL1S IN SYSTEMS ANALYSIS

E. S., QUADE

Problermi for systcms analyshiza ci Itcquesily imiporiaut, urgent, andt ditficult-
61' instaince, cons3ider the problem of deteriniing a strategic force posture.

It is innportant not only froii a mi 'litary point of viwbut equally from an S
eceloliolic one, since the vast expense of modern missile and aircraft systems
makes efficiency impo.rative. It is retQo tms csle eoew a

have nati 'onal security. It -is characterized by. the ntmbmhr and diversity of the

factors involved, which embrace engineering., economics, politics, and psy-I
choir-iy is well as military ,cience; by the need to commit funds, uinder

* conditions of great uncertainty, for the development and location of weapfon.s

:.;ar ;n advance of the -timic-they will hccclrrn operational; -and by the necessity
fo tknginoacont the. wll an in-elicc th 'e crhiiviy These things,

together with the comparative ncwncss of this entire approach to policy
dctcrmiuation., craor-Irninment full of pitfalls, for the anallyst.

f1'iiý chapter calls attention to the kind of errors that are so~nimtimcz foiind in
systems analyses, in particular those carriod 01ut [o alid lotig-range military

planning. A knowledge of what pitfalls may lie in his path Should help the
analyst to avoid thern and the ISCI -to dliseo~tVf.r any ci Ims into which they may
have led.

Tlie errors ate of two kinds: simple mista~kes or blunders. and Nfalacies.

Blunder. are largely dueC to ignorancc, stupidity. or care]iessn css--- correspond-

ing to errors in -arithmetic or, in ilhese d&mVs of rcnipulci S, o oding errors.
There are fcw preccepts to tell us 1how to ;i~okl biundci-s, Besides tlhe Uempty

statemcn~t that only smart, well-trained, and careful people should boe used as
systerns ýnalysts there is little practical advice ore can give. To discover errors.

bfr tis to ate, careful cliefking and qualitative evaluationofte asn
Hlns o h e sut achelpful. Necventhelcas. humatis just miake ni-stakes and.

experts turn out to be wrong. I

P or an additional discussion, Seen 1lcrairan Kahr and I~rwin Mmnn, ?'r'n Conmmon
Pitfalls, The, RAND Corporation, RM".1l937, July 1957. Many of the ideas of this
chapter originated in their work. Sur also Bernard 0. Koopnian, "Fallacies in

Orainzsc Rs.rch" and "(Thmment~l by C. J. Hitch", Operutions rvewaeojh, vol. 4,

no. 4,August 1956.J
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Since fallacies, onl the other hand, represent at false idea or an error in logic,

we have more hope for their elimination. Why do we have fallacies? One
reason, mi-entioned earlier, is the lack of theory. However, we do have a ceriaiiu

amutof experience and a few precepts based on common sense which should

permit us to avoid Somc of the more flagrant fallacies.

The fact that an error or fallacy has been found in a particular analysis doeci

that Someone can point out where an analysis went wrong strongly confirmis
the validity of the m-ethod.

Experience indicateis that We findJ our pitfalls by falliiig into then.'To u.void

thlem, we nf-ý onl-y need guidance to keep LIS on the right path, bul. wainning to

tell us when we have strayed. Sincie in Chapter 9 1 separated the activities
involved in analysis into fonr stages, I will discuss the pitfalls uinder the same
headings.

16.1. ['ORMULA'riON

A real .pittall is the failure to allocate and to spend a,. ,,uficieot1 slime of the

'"ltime avaýilable, dexidi iig what the priablemi really is. As said earlier, the

problems faced by the systemns analyst fr-eqUenitly be1long, to that.....in v,4,c
the iilculty lies more iii deciding what ought to I -c.oe'la n0cdn

tow 0 don thnindeidn

R~atfier than l0C. guided prinliaily by- what 11iC spoi"'or bcicvso sae

best approach, at good ssesaaytwl msniam~ai~h: w.I
pitfall to give in in the meidency to "get started'' without a lot of thouight, about

the problem.
The. ijiist ,ystemns analysis thIni. author worked on iý ;in 2-xanple where

thiniking ajbout the general problem and asking a few questiowns might have
been well worthwhile. 'The analysis waq bincfg Carriekd nut to helCp- il the
design of strategic bombers for the mid-I 950's. One0 moo0t quelstiun was,

whether or not to puL t a tail turret on 0ic hoina 'c' . "Iiyn: III d,.

determ-inel how theý enirelaiiont hckvuci ali-in-g points,- Mn air-ta-air mnachine

gun fire --soniisthiiig .always precsent hecnuw. ZI-h stlots wvire not aimied

independently- lowered the probability ohl hung kn attacking fiighter. ISa

-- we baid A~unld a 'smtisfitctory approximation :'.qd chec1ked itlhv a Mmnte Carlo
SIMUlation SI sw an early version nf an aii -to-aiir guided rocKet. It Sudden(--Ily
dawnrd on nic.that by' the time the bombers- under 'Atudy/ hecarnfe. operationall,

they wouldn't have an opportunity to fire back at fighters with ma'LchineU _gUl'S.

-- Asking ri few questions and thinking about the more ge;peral asoiects of tlie

prohlern mnight have saved a lot of work.

~The most serious error likeQly to be.~madc in problern formulation is to look

-' if



at an o ndUly restricted i.waige of itlterimatives. Allhitbogh Flilrw~lltg 01-1' LOi~T41

choice certainly Waikes,, the analysis casiq'ý, v.,. may- pay ;l, high p~ccz fo~r the
lator e sve f some, of the excud d atcriat ves arA hetter than thos'..

remaining. I

Accepting a probleml posed inl a certain wi.v is so nietio mc~ quivaliilt to

excluding alternatives froin consideration. Therel"is a tent.dinc). wheti a problem Ii
is frst bseved n on cel ofa huh uss or nilillary orga it ii/a itloll to try to finld

a solutionl that 'is aiso coim~eti p ota 1-1 ~ ic ] the, i ii /\An4d1nita
ordinlarily attempts to solve hIls problems within the bonvildari Rsot his respons~i-

tices H i$ likecly to'- pose his pt-oblem inl such16 a1 W A\ to hiar froml

C.on"sideration, or- to dismiiss its limpraiw cal, alternativles or. eritcuaih;ii doh nIt

seem fab-liliar or do not fit into the chain of steps by N~iieh pi~licy-has been
madte in past years inl the fivld inl qunýstiopi. Problems. hoxcvts c do not iespect

4')I'lO!5Tfw !l-k1 pil''W Ii"e i!(1 H tsiiiidri Lev'eIihii1L, pcli I incil to thleI
analysis, incIludinlg the os~t rcuOilrietation of tile ei itirc Kitls tl. A most45

iniportan t quialificatiori for .1 svstentls ann lyst is h1is ah ilitN ic "'his fact. It is-

not alwaiys Ot)VitOUi. 1(4 eXaunljp1Ce,SeverlI yearS ;1go at c(1'nir1ttee wits a~pjoilicite
to review the air diefense situ ation. 'Vhcv were toltd that tile oh CLevci oe &ii,

defense was to make the Jinitls "tvijvs iiVIh:u'i,'.io ' tI y

nt~lainitining it, ! adequatte ca-ipability foi SI it4Otii dc 4Wl CHM tI ii\ancli aft AntI

missiles. This wats, not at fruitful as.ýsignmuent for, it madt~e atir defeiisc seem hope

less. Thie real 'last" was not1 to preuvent ourselves from being dicstro~ed l sin k

spec a ini iej a Im Q frm 4 hr ict4 4 All iflry w ~ 4;i\144 Al t51 l.,

to he examinedo~. [lot just. the one that sUcHIict 4ThViOUSlV to be the' diec leCCii

When this is toloe, air defenQlse Wuills out to haV(, otherF r(4 IWe1. etieltlv il)n1Ih4t

SUCh as to provide early Rideifititiction (df an 'atack aid Ilths iaulctia l rtn

for U.JS. ollensive force~s. It is foolish to design at weaponl Nystciil ;1:ail4'.i a

specific cncitiy tactic rather than against tile eneuiv himself...
Souilet~illmes analysts contenit themsel'ves ,vith applyiig no onlic mllcclm( an slC

to aII~lternaives suiggeste1d is_ 0tbi :-. i li; ;Is unfortunate bcy'tPls the iuvcmmtwna

I fncw atcrnaitivcs, flcw -wccponls sy:ti~.i C~~IsIi L~i~~Ho1tr

objeCOiVeS has pro.0'tLI flr~leqmemltV to tic tbt auimlssis 111o,4 com"ItnimetivC aiid

vakiahdk: role. '11he divor uls t11 nbifitiple wauss tol which . liiltary enids caii be

acliicvetd Lire oftcuii oiut reailizcd b-ecaus'c ttic, alti nti Uses do nlot aiwavss ittijcai

Lis obvious subhstitutes. Tli,-v inay not look ilik c or ha~ve thc uatilic soccilicl

fn tio. hs, ti protectI CiViliamis aLraJnvt ailt t~ shictlci, 'SI Iluifig'

(letenses., coiviiiiiobree ;utt;ick, ;uud reialiitor~v Strikikng power arc aill alternatives.

Thus, the possible alteritlatives; may be tou numer1cous to lie CXanimiidck intli

viduai~lly. Manly mlay have to hle. eliminated by aSsiuIptiomi. '!'his Hifist. not beC
dunei arl-itrardlv, but by pirelirinary. ana~lysis. SLIch asin 4 pljtlon1S shIouldI bu

re~gartled as flexible in the siense thd"&:they may be rela'xed or removedi if' it



appea I s' that their presence is anl iitild\N contrlmoling i ;icioi I orl C-anliplLý tliu

anal11ysis PIentionedL earlier0, all attempt11 t* d o(ctri i-i~iie tlie requiroments to~r iii

optimunn long-rangte honiner, kegait -"i ith . Ii ei6 Cmlul'li mit L). OLe
1

i

that ho~th the payto-:ia a rd range exceed- ie'"nt imiomur vaiis Wec considero'd
differt~nt cru~ise- and targot spiceds, altitt'hdes, enginu lypes. mimmhe)r of ng~incei-

Ctc. hut because of the restrictions oil tir' amid pavloald. found that Ceiitain I
interest rig" eonflgiiratjid- were Bxldd -y arguime[i iteso<c ittghtipredwiont iiong 0110l VIke!ice, Oht iCILi ft tg

payloiad capa)city. we immanuged to gQet 0h10 ttir ife. It WC h~itln t. Jim
Myp of plane Liter consideredI "best' Would IdhaVe beeýn CXCIudcd I

it is also ea1sy to fall into tile pit) dl ttivinig if) (to too hig ;l jon. Nel aim

factors [ci md til leatl tilt, aiiaivst iii [lie' P iim'tn tiIl of li t IItIp cle iiti t it0oh

Work- Ydm1 hc Is giting to try to io'. i IIiirriiji o111 ;1 goodI analyýtISIS repIireCSA

Sj',eýilding 1 lot ol timeII thinI king ol1 iuestitimis that canl lhe isilv ;Illswei ed ill

VICie tetrminiiationi (it objlectives anti criteri eu ire IC, reii'C 1TAcare1. ()imotiajlg

H -ow does anl operationls resCaicCIer tVl tiCUMtly c 11o L aiitichot~isimm Cci iemi-I

Choices to Which the me stilts of hli,, anlalsis a1re typically f*;ir iilore -e.nsitive

tholn [Id'uiia Of luIialiitaiti ical odlCs, to which inordiinate stUdv anmd
lehiat , are lisimillv tlevott'd' in sonic cases lie casually takes the lust(

Cr-iteiito ihiat [(itt.; Into hli'. minid jiihild si' into 1-the hes, lilp ri' i l;a i I11
i.1la co "eoimgiril aspetsv- cit hIn, 1(1. Ili mmtiit oilir o if hie kills tick till mw'

ol, whlta liocmt tKtitqm~mil CAlls thpCr~iom6r0 iiel's1 1 iiieiia

1/10til/ !111- ttiiig thte cmttiiie 1 mtl 511)l gettcrai ii adliiiii ll) chioow

thle Cr-itcli itit. evn jjolgit hiO i~iivovc Il tiii lie isiiir ikl

qtlction- 01ý (o~tllet m th problem'', a respoisi hit i ty no selfl-]epci Uw iig

scien~tist woUld IbkdicittC to h~is etistonici. fur- gOOd rcIViiiOW.ý VliI tnlie is tinl

Mc ri hwiit~is huilf ing. hits mtebiahies, ft.' work :ts 0 sn itt~~ iu at ttkii

Becauett.o tic lcýi. aiiv rationale~l ofr eltomitena gi ood 11ci itelou, lite (yipei

I U 1011S Ijr 1-Y' ý V- t 1L, AtI tilt, tb U,5fi.L- ii. W2114t iY-111k

3 Pi-fiitsso Ktnmptiiani a mtathei~iliaticii~tin- Fetrs "to the vltuic cii 'lgre, ct it i

Lind -:IlcýiswesC tor effort" In) nit' icimtino)bgvy iti Ittittit rt' ,IttCi jeilives. Olit I tiltu
costs, antd the cr-iterion iisuall y So-nin relation bet wecutlte '11it (dikfuctc e i~l iln

niaximniizititn orfimiliumiI/.timtf of one with the. other a,-s comisti'itini, etc;.), Ncc 11t iii ci

0. Ktiopmafl, "I-' ilat iis in Operations Research"...and (otietsby o. J . I ilitch",

()peratwiois Resear~h, vol. 4, nio. 4, Auguist 19i6.
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;ill the cosýts he wants to iavoild. links them in variOLIS 1WerhilltihiTIos to form

criteria and lets the iti~chine optimize for each criterion in turn. Then.

eitheri lir bases his reconmeniidaIijois on Some form of m1,jor ity Votl (this

might he called the flllaey of miisplahced. demloecacy----ifiI dtlitclia are

illherilltly equall) OF hie com1bineCS the~ fallarc v of mkiihanitis with that of
au~thorrl itrs, passingý -all i'vsults oin to the cutire ý' ft-,,,--r

fused by a wel~ter of apparently equally plauisible solution1S, has to make

Mr Ii ich goes onl to ta~lk h ariu critcria errrs

A particularly comnlon oand vicio-us form of ratjo, 'S dlie one thatl

riaxinrizes an objective diiVdedJ by some 'single vowi luale iipitt when otherI
\'alull1)IC inputlS are requ1.ired. It is apparently altogjether rvrtu1-rat for [lhe

11,11Lýi;10111,L ky ~j)l~ll1 [ti e 1.11C NGI cU'1.Lt or iios1 Vui~idirC rCSOtITCeS,

operatrolis research studlies id nuclear bomibing systbms h ice maximized

deCstuction pci- Lrart'r cf lissil 'cmaterial- c ompletely ignori Ing far- imore "

costly de~ljyciy SVsteiirl inputis, arid getting wcird rcsults. It is seldom that

i'llbut one Min Ut can he recaleý:IJd ;IS free, With FIO alternatitiie. buseS Anli
cLonIomist Wouldi not fall into this trap, The i.-noring of Somre coý't~clicnxnts

intry;I illturn bc regarde ais aI special case of-another extrenlel,,' coinmmon
criterion error the neglect of O'Lfcts, which may he cin cr hurnialul or
beneficial, onl other miliii~ry (ir naiflinra hjtvs The iypicaj OplerationS

rearh study dealing with stralr~gic- air problems simiply ignores imiportant

imipac~ts of boriller depljovuent in~ air delense, uts well a1s possibilities~ (A

'[he point is [11A the tonll way toi choose cr iteria is to rn~irilrtakec anralyý:is; the

pitfall is to believe th (on cmir jv,

It is lyr. I Ii te's contention inl theý article qUOted that a rudimentary groond-

ing i1! Celementary c ('ortorlic Principles is most urgenrtly needed ini syslicnirs

ana~lys arid operations rewachr. Ini. mre thair- knrowledge oif cIMhoratc qumanlita-

tiveý te chniqlues.

)perajti us research csucitifially itnvolves rising "cost" (in .romi'e .ense orr

another) a; aI guidle to the i-llicienit ihr"cAmong ,dlermlfitve ohjct ivt-; in bei

tr-di ilona m i ilitary "rteqtircn,,nt,;' apprdach, koat c on -id!eratiorms "rc cxci rden

uni requirremen~tS have bee iil cstablislred by "military joirlgnierit on~the lta.Jin of

ne~eds". 11 ah Sr his .late Se cost serve% only to. indicate huow inimch1 can he achioverl,

"C:" -co h1eývet rl hrA i' 'nboormld hC (tfoli.e

lire costs contle 1red l in esafimadilg' f'Otrir at'6rz rtiVCyes should be t1rC 'iir>

4 'TEconirniics ;arid Mlilitary' U~p. rais Research", !?eviette of IEcoorfmicsA atd

,statistics, Vo,'n Xýý no, 3. Arrgrst 1959, p. 2016.
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creincrntal- costs, that is, tho net additional resource drain that would. bc
incurred bccau.:* of thle choice of each particular alternative. Whe a proposed
system can rise facilities p~ii hascd for an aLier system, siich faIlii aefe

to thle weapon system still under corislidcrdatibi. T14erefore, in comparing
system,, it is an error to cotppute the costs as if, io othor systems~ exist. It a pew J1
systCITI can usc existineg facilities or equipmcoit, but other proposed alterniativi-

cannot, it niatuially achieves a cost advantage. (1`,apa it;dties le~ading toward the
attainment of objectives, other than that towar'l' whioh the' study is directed,
must. also hec taken into account. If certain desk-lT iciv vncI,cs comparisons hadp

iuen~vsirlnldvrr 1  ,~t' .. r"beoni taken at face value, no oci Niycr cx~ o io hxst In c paringI

ce~ntral war capkhilil y in *a comparison with weapons systems that hrad almost
no capability iii othecr roles.

It is pitt-ing thle. cart before the horse to search for an objective inl ternlis ofI
which to cornip .lc, weapon ss. ni..- The- tuhiective -muist come first. If it does
not, We run tile risk,-of' analyzing-ways iii which the possihle weapon. systems
can best be-used to implement the wrong objective. -

Something must alwaysi bu left out, otherwise problonms ni-c too bi4!. ForI
examl1ple, the. decision to use at particular raa on a new jet fighter should

-fundarnentally rest on thle m~ilitary worth of the available. :lternatives. it is

fuitile.,to try hit make Dhts choice by conqsidein Hg all p ossi ble war-s 1- -%lhc this
equipment miight bc used. Yet, even though it may be beyond the analyst's -

capability' to Iot comnplete Job1, he canM At lea St do0 some1 thinking aboot th. I
larger prrbiem.-i n. 'T ia dnelosat is to r-ucc the problern by fxn atr

whic-h, if mifficient though~t had been given Lo thle larger pioublehm, wo'lild have
beel -Allo'wed to vii rv

As an ililustration, we mulght consider a decision ma~le by the missile planners
-of tell years; ago, torn by) conflicting requirements for range, attitud~e, speed,

Pa yload, aL~curacy,. and reliability. To Simplify the-ir pr-oblems, tile cornnil,-ýr
4 solution wail to specify accuracy andi payvioad-~W~ith the reruit that nussnes,

which nowJ looý tile m)O'4 promising were effectively excluded from considera.-
tion. Thswas, ljecau;,e thle accuracy and tiht payload domanded1 were much --

icy~ond the capability of the engines. These requirenierts, however, bv,-anie

obsolete wi'th the development of lighter nuclear w~eaponrs bO'ore the alternative
mulssilcesi~w WerekatiumuhitOl.

The pitfall in. developmenrt. analysis., is to conucentratue tcchnicilt Competence
and military expertise onl the. problem of reconmicriding foi develonwent thle

1.--c tht il b mst effective int the environment expected to ekis at som
futltxe time. F~or in spite of our ý:fforts, the future will remain broad:. ;and
uncertain aind thle spocL'k.c system selected may firid itself f aced with a e.oin- -

pletti-f -difflerent environtoent The real probleni is. to pfcn di te flt
-alternatives to confront a spec trum of fture event-s.-



Alo'ug ssolh tlhe l ailur.11C ill lilt' rush to gel s4arted. to r-eaiiie theý imnoort incs of'N

a searching~ analysis of what the probCleit sholdOI lie, it is eas"y to Lill lijio Ihl,
plitfa-ll Of LIICOISitseioS adhr'renct- to :in ititonition h~ial (ir Ito 'partv -ln'iii

ci inI icrulan. Kahn>;, list (A pitfalls, Ilie 'calls it -them iost impiorLinL 2iol

Jecasoln for tim tL-reinendloxi mliSCaIicuIlat ions that are- made Iin 10resC.Wilg and

proparing [nti tchinoiogical ad1Vani-Ce 0or CiIaiigS ill -jhl. 'tt ateCie- sitlutioll -. andi

th5~ ir; siwiito i a follows cuAngSI f . s o. Y t e

Aiimost all organizations aiie suhject t A .ho. I-m ir Cv,'II itionolibIm., Anl
RiV-a gt is, popu iar and everyli)od y 110i1 u On l the handwaigon. Soin clus t in di

vmi I luoAonofhaving ve~sted inteli ests. or being olivioiisiv pial isaii. Miostly

can iioid tenl tat xc (1pi ninnS ab~iwt est jIIt isloieS ireC Mii ic~ies!tCLd in. p-irti cii!a iiy
it their eulica4gues have imaeilt, teir f ick nx h' ia otifdpnh

itielubers lntiv 1, "we wpt iiti Ilieir feetl thY ITitelICIUcl:i title. ICIMIV Il IHttl

m.orlse ill Classifiet woi.i bult ite oother tichis :le not imminne.I

Severdl thinigs Canl Ile donle ito alleviate the s-itliation:

2. Malke thev etleetive ktiiSeiissiOTi grou 1 the IPimpol IdiSfilI ;TC
3. Iilncootnage iidtcriendence oi ll(tloght aill(iong inldiVidinis aIs niieIII aS poNsible.

h! Pattic'r1 h' e toleran-t of! lone wotyvcs and n i iv cr:1 .k
4. Pio0VidCAI for frquent *Ind etIecAivU ont11Sid''oitesiair cini,

Still in spit& o~f cvcrything that d: kone. thereC will be a par-ty liii. 'This i:,
pmha)ýbiy- tll- 1110,1 imiportanlt single icao CUIlot tI'M I tIC01CHiMIcirdiiS iiiseiltiitioiis

Chlnigus intlel~ t 111 1 t~eic situatioli.

)tii 4,f tile main adviuuiltia s Il haIVing :R 1
t-il *..ne* : ;ys'tlV : ii4C11 AJA , '1011Cii

by inlef~pendent civiliaii ot gari/iitiows i; tha ilil iini-rititai11111ly nat1u10re II -

nuore iri"tptrrtantfly 1vil. l-cIed~to ,f,'om .%h0/T fic .pmsilulil v nek~t Ie little
more caipable o1 witiniilndfitig preCssureCS riirlit 1I C it O1 triiit

AlM miilarv svstcm,ý ha'ie been truiditiOiia lly 6ns'l ClvatiiVuwith res~pect to m-ii I
-weapons and Irch s This is reli3ceted int' sut-d'''ar:A party line --- ft o'

lteiiihinilunt. ad liii mucniiili ill ail. igi' li'(lsytqiii£ ii'n

'li.I r-as mcnit vu' is is e to novel an JIl(]C i te ad~i'ee I ernio 'aiid- Il'!0 11 £

-' ~~~~~Ifi le hiIii ' of smracgic bomnbing. :,.tadie. SilieW rd a ilutt;th

oftr Ot iltilk'ICi Ii \X'.rl i 1 .!/r H, fhc i 10 i I uitin Wasif

liCnetriate theU uleteuISeh, hOnilt ;weettiatly. and return. HIC leltiue',COtieti ii

wa1s With CT11t ti fiL-Antcrs, antiaircraft guins, jnd tnisitSlCs 11C01 with C1ns liV

bomber';. .( rii vci n... cvxen in studies for timepei od after tb~SoViets, WLiT

ex pe!CtedC tto 11vi. nu1clearl weaponls. t16 seriouls Atet'itit,, was ll~iiit to tlii' I act

: Kahn and Miann, op.jlit., pi. 42..

See -Chapter I.,..
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th.-o our homherý niii.~flt -he attacked1 Oil t11c ItLini f, anIlk We d.id noIlan[ [111s'uch
an :ittick oin theirs. Reiiueu Ia'u d SpeCCIficationlS fOr Il11ttitie boimnbers hardiy
conlSitlered the prbler of surviving the` ellney Tt'i~..his Was no~t-Stupi~dIty
but ;afi attentitoni bias. I'mrisaci h ays .ourvtf vrteI.t

mi149, the MIN ax y quSt i0InCd the B3-30 kin evci\ wbais" theCY COald think of. in-
C1~dtIq11'0",1ones - except its vou erabilitY 01o ien l01-d R ANP stralci

bolinbinI! S'nd iCS, even aic telicthnsriolfIsnss ol. the- problem o1 holinher sifv! vat
on te non Idbat beenp)ointedI 0111, Conti nticd to co ncent unte oii such iestionS

'I' asSi)C~, altitode, low vs. ]Iteth111,1'11 Ffl10i, sae L~mIedsh1. hombhing. alhiitlde,
"Alimall v's. fairge planes, anid whatl targetsC to Select. I11w Vn-ssianis .and thle lBritisli
lool: even teihuja thri wc didi to i-ceu tadVIIlNerahilditx, :1i1d stilItt'

people think thle I ritehCI haIVe not1 Vet rea.lly abSor-bed iht idel If flook the
sear~i.rcinw. detailed, anal', s s of th1C Base' Stu~dy 3)apci and k excxteims\

It is difficult to oveieniIph;isiieý the iitpoitatliee of a CariPl lof imifiilation. It

Sho~d idntif the suhprobteins involved. isoimate i ii,, tor' factors, aevenC~;ip
vocablulary for- deal 1w, withl 111k1.t, sketch -olt thy btr i~l, etwveeni the
s'ariaibles ats they appear. apdu even arrive at a1 WiIi ilie sc of 0 concluiv-ons. TIhe

ideca is to. makec a tfi stineHImve ('It thet anl Bill-fi niopei~pm an

kt off ers a! eonc ice hlYpoithesis for mitlici" to lw)IC

lie !ýrth (' possýhie enaclnsions, of iccomiillentldatiols at ml eariy..

sta-e htelps tn tnliide the miitiivsix. Also,. snen a1 cUisaleri;lttioiu my tarn ou(J.o hie

5prior to C,11ilfdel mu (f t111C~uvss
015''Wt recouueitii' That mutitX'5i:, Is lt-'ettit le :1iu1d tliu A slinleI e'Vele of

fun IIuijlatioti, seacjh'l for tile alcts, anfd niOLh- bmob ldine i', 10 Ltv to e deqIU;tC
We mealizcth.0 a!he!ý pitfa~ll ie'; not ill fmlIiliiii tl olieev~ 01 :iily ijtea abloot

flew cvid( nce.

10.m24 SI Au MIt

"Se!imeh' is fihe liuanie we have tuven ito (he ipivc srig;ior'fl tht (ttcit:! tt h

faJct'; or evi~ltepte on1 which the ;imatvisiy is to! be, hi~sed iiid seeks to ulisetu-,er

;iltetumajtivcs otlc h~ j t thnmse tItmat 111; e nitt Cgi\lix pun' IIF wee e Ri~te seVeall

puwssiblc smi I rcc, ts ofemin -,-

One lie inthi mi !p iea1- o1 "mu uP Itll It lip minrical reasoilv- !ofi

-tlcingminn any llc N:cilt aie cilbodiud in tK1 pt 011irit ~~ ''r and tactics used

ýstud~y to review thecse houues). ~oit exanpitii , iPS ' it 1, 0icasuysll n*

-intelcligenlce C-a ilipteS of Speceific 1i itt uce eta, my Ca in hi ities. We cannpiot event

-- piut~iet the --upabiilit, isOf ojir o so milittirv establishment ten years front iiow,-

everi) though we 1ýnovv Onur reson rcu-1 wiid' planls. JL t * 'Aelfit) rent11Cnubcr l~
thti Otn W



of the important functions o f thl infriation-"Pheringpoeu
rejecting information.,gp~cu'ei hto

Uncertainty about ranu~'phiiiese lead to yet another pitfall. While it

is c~lear that to ba~se the conclusiob'ls of a'study oil the 'm-ost probable" estimate
of enemy capaibi,ýities is not enf.,ugh, it is equally an error to base it on the

"worst ppssibl&'. The worst Po /ible case may n)ot onlY hl CXtrCiiiely unilikely

but call bor s,'tm soepensive that totallv different ;iterniatves miay 1have

to be sought.
One frequent pitfall is the comnpictely mistaken technical notioný;er: fact.I

An-yno. ho as sentany time at all in this field has had athey follo ing

statement fromi them onl what the technical sit~iaIion is or can ho..He then

goes it) another organization that is also technicallyl cowpetent. Thore lie

finds out that the situation is at best coiiiroversial, o~r even that his ownI
peoplei aic comnpieteiy wrong. T-his s~houLd no0t ; e Oreated a1r a disaster
causing one to lose all faith in the competence of thle people (though it is

clearly not confirmatory evidence of their cont4pctence), but as a fairly

normal ocurimronce which can be vxpnecte od to. happen occasionally 7.

For example,. the analyst may lea n-i that a. cheafp anti simple cnountermeasure

exists which renders almost worthless the -ytr-t-tt---ays a~idiae
as preferred. it is clearly a pitfall to expect a t,'flan or- organization who Ccrate;d

a system to discover its faults. The ~SiggesleoiWay' tn OVoid such suUrpries is" 1'.

consult as, many sources and experts as rpossihic, aSking the advocifta of a

particular point of view how his ci itics woi'lld attack it. lorn suich an approach *
fo b6 of value, it is limportantl that people with an advcrse opinion oif' Ilih worth

of. the systemn be consulted. It is har to get an enigineer ito display niuchi

ingenuity in toaring down a technically brilliant decsign that he h!- ho'r. wnrking

on for years. .

Somietimes errors occur becau~se the aInalyst fails to communicate effectively

with the profc.ýionial people on whonm hc mu,;t rely. For exampl:, in the

previoulsly mcrntione-d analyik undertak-en to chonoe a- u t-, , I L'tn lowniher

from among the thousands of possible designs, the number of engine,; un-

expectecily appeared as a most signific~ant factorw in bomrburiK rvival. since we

felt sure that the aircraft designers bad sýonic liexihility as to the numb111er of
enigines, we went to people; who stfpphied, the designs to determi.- what penalties

would lie in-ciirred if dfiv number) of engines were increa~sedl. Then We found out

that.,while they had wor-ked. out tlit total thrust required for Cach of, thle designs,

theyfbad no iruie for and had not s1-cQficu the number of engines. The people

who gathered the dat6.'for the attrition model had obtained the number of.

'Kahn and Mann, (!p. cit., p. 49.
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engines by counting those shown on a diagrain that indicated the pertinent
features of euch configuration. It then turned out that the artist who drew the
;Illustrations had decided that without engines the figures didn't look like air-
craft and simply drew in the numbor of engines that lookcd sui table to him for
the shapc and size of the wing! A possible way to avoid. this type 01 pitfall is to .
have somecone on the analyst's tWain who is at lkeast a lay cxpi:!rt in all the
important fields'with which the study is coticerned; however, shai p limits of

vi ~tunne and, money may rr tke this impossiblie.-
it is not Iiecessari'vrj tht: 11111 v facti i%,ur

cridot-4 a valld gcncra~lization will somehow autdrnaticaily enierge.

-'As Kahn and M~ann state:

urh Systemus 'A~vtmust have high %taiidards for tile quaflity of thle
qtfphnieal work tht goes into thc- study hu~t the standards shOUld not be <

/So high that they aesl-defeating. If hie insists on checking every fact
with every possible person Who could have anly opinion on the suhject,
then he would never finish the study. lie must do enough cross-checkinig

'to conVince himself that, in all probability, he hasi the correct facts, and .~
then he takes his chances. i his, means that once in a while he- will be
misled and will look foolish, but one cannot do ef1fective work in this field
Lioless one is wilv:Iling to take this risk ~

16.3. LI-'Xl' ANATION

It is a pitfall to become more interested in- the model tlhe. in the rca ' world.
Technical people ,with specilic trainin~g, kno~wledge, and capability like to uise
their talents to the -'tnr!o4t It i': ~~fnr nnlvstz whose basic training is< in
mrathemnatics'to focus, attention on the mechanics of the computation or on the
techinical iclatiotiships in the model rather thian' on the imnportant questions
raised in the study. 'Ihey may thus find out. a great deal about. the infterences
that pan be drawn fromn the modc], but vcry little about the qOestion they set
out to answer.

Amodel is but a representation of the real W0i ii. Mloreannist he left out than

l ~ ~ ~ (r fnldd *- i- example. the mio deln Appendix 11. (COricep-
tually, we try to represent a series of wars in which we send our mIiiStlt'S Vow

enemy territory, let them be shot at. and. then determine how much damnage

.they do. Everything isi then restprcd to iis original condition -and, ;tnother
experiment tried with a diffcreot~strutegy or system. TIhe actual operation is
certainly unfeasible, and any such exercise with real cqui)nlnfiz~ itifevcihip

We arc almoost completely restricted to hyp6thetical experimients ronsisting of

pen-and-paper or computer exerciscs
There are dangers iin ovt/rsimplification in the' model, although in a general

13.Kuhn and Mann, op. ?fl t., p. 51.d
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sen e it pays to tic simnple. Forrniihs inivolvilng lajic timiiiliers (l Sv inhols-- I
.11).ihly so coinpli ated to write doxwn that they areiiincmich se to (ise- Mien
/ilke down into several pm,~ of* C01nipi i:rtiOn aI pro0t1~reI, -Iiro--m VWIl 100! 1`11,

1101rc uc[(A rate than ;tpuroIIinItC rehiatiolis Bilt thie hu!!li mi11 li;9d'

"I heroar onl Oy a less' colicepts that call be lick! simnul taneously' in ti nir. Ia

'-for mu! isal or relationships so involved that it is iiipract icilhie to reduco thenil to
11snd xpression -iro lk clv toI() :ilvev nok uricatlonl at all, ah~ simle

fi~~i~I~p~s~lie pproximaute J~ciation nirli hie i'isiby iiiat icsooa. 1iirowninnnn

fallibiliity manijor error na< invalidatec the blorecmlctdeoeso n
"vti Cl;icial :onllplexitvy of0 rn1 lain pass- iiunoti1Ce~l. III uincompli~cate

-At ----L-C, C

is COm-1pleted beciause tire relationships may Ilie simiple. enoiigh for tis to see

whether tire behavior of' the miodel is l(oila( to he reaso, ably ill accord withI
intuitioni. 'lir iiiost coivvincint airalvsis is iie II Mhich 1thC uoHtitclrriciaiti cair

thnk ugh.
1 once woilsi on a1 sYSteruis analys"is Ill which we uIsed ;i very, coopl cried

Muodlel for1 'OlrIhci aItrtl"iu0in I StMi~CIDLC bhoniltrie, can inaitoml. I aiile P).1 dis-
PlaiV.s 1t1e C(1121Oii iOn or aI SiiallI. plet of that, rlolel, :iuld one of' the sniol~ler par11ts
at that. Thewe equations matke III at MIffilIOdeh0 *:i i _-ip~tli tiii_ t1ie esluet-ted
number' of' homlbers thrat ilrvr ye' [lic guim aii .1 iii iilp def~eiises duiringi. thC

appcoitch h-% the ovihr to it dkeleuded liui ge. [hi I'hidiws icnr

fioillu;rrI earlier. ;ludly- we' hauld fot hr jilt it or ri yes, 'A'u lmut sirmiljar siiluuimnlet(kI

lor ~ ~ 'i IIIC011

"o'( , )

"M(I .;C Icy "o

i.ig. 16. SIbmniocel of bini be) siorvinvid pvtuhllatdlily agu!"[Cu;i Ih

Wt-1 urcd MhIS Iruodr to C0ruip11.te jr breat TIMIrry Cil:;eS. Oin ] onr IM c Io nI i emit i

somenite loo kinig over the 11-nuhcrs af`ter m"ost O'teCnniprLrGtiol hild beenI

finishedul noticed a peculIiar feathre, namlely. onrce tlie numIIber 01f ittackers got

011. r~ lirninler shiot dowir dciitseasd (ever] though no a ttempt was Iuu adL: to

it
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destroy the0 Lie((e;r I ItS t1 o 1 iýitIIClNsC i II veŽti -at iof ItIo dIiscove itt II; It hIIIIs ahlstIIr(Iit'y

ar1OSe fri'01 aii 'ASS1iliip[i0n aotilhe defenise firing doetiiinc, whiich was. no loniger

",CreI)C iblcw il Iliuliibei of bombo me :lp, islii' irirniwr wI were,

in vest igi- e ftl~ * P ')r Nl. ,1jlt1t ~is:--ummil l. b t ol-isp jl,

Woused, prTobe4d 11i1t11C!' dliii [liCT ahitljlIont't tile w'h'olo. eiiistrii~tio-: 'Ihle ploint

2 m fil.te forliti11:6lalo was too comlplex itot us tol 11iiit.fendtr 'liirti almost t"oo late.

Iheire is another poinit here, too; it IS anl cFV-Uf ito tsC Someone1 ClsC's nulloei

nleIss Von thoroughlyv undersutand its" iiimieiir and toLd ii -HS.

!k'!1 p~onti.' ftir whom itl MIvsls I's undertaken should become aware. ilf ainotlher
:ispeet of igCliittg projects. Almost iilvari;~ly liv the c reoiiirc I i

',oe l cniiioniaig. It igfdJill for'!-argc liroN,:ni. ;-; ,:mli~crJtinnalcd. " n:;teLdl of 1tahirg

fieltý of- mliitt n liiitysis, and questionsý flht PCIeop lc ow think are iinporrtant

tc)ie Llipoi taoi. Thli large-modecl mnii alway-s runs into :he &itiger of

ha.viri e to si 'und most of hiis I nit' tookhitg fir ways to iiakrr thie 'corputitigI

ma~chine better ,ipproxiimate sonmc relatively rinvial aspect oith clwd

ra~ther thii s tultying the problem hie set out to solve, lie dill" learns. a lot. 'Ibot

prganiiil odvci y little abou .)ft nii-fitarv h'ejsjoiis. For those icasons. we.

Saidle ~'W Si onki tUrn to the mathemtitacian is niiiich for his ingenuity inl

cscalp~ilg 11nass (2on1Iput~Iit-1S ;as for his skill in oraizing tilbe[)). Indeed, thle role

oft the big mnodel ill systemls analysis has been ilore toi verify anid [o work- out

detalkils. ofu to) pepaRe for tlri'sntaiti ti deais that, were already Italry w~ll

ollilMCC ýll Ol.";HI _Vt hccaiiie etivi cl,ý (I 11ici Vit VllittV t ..)111' VT

iog 11021 aid eticneiitary :a.'uitlioir;lt. -

A\iollier liwigelli' pitfall lie", ill forileni a colliplix tipir dii litlo'irsalvl

caLlls' t ralet~lle, halllliiwol try uillplasiziing else ()1 colillltititill. Cdl rl

ltIoS! a lwys lie iiiaile in.ninilel bUilding tint llils Is nlot the (Iirecti ý!n iii which

toi go.) It Is ;rjlmtrst always bmette to sacrificea workabhilityi Odcr t-, retirescilt

hie process NWing mlodelerd 111lore adequately.

Allirtlieli p)itt ll otl fis( trvnils to r1me Crrt- '''''''ciit-ohr~n.

dcir..'rrrTh hob'v', i W r, I wtý rA I -Itmr I' /vres.
( f~f tdtstiJ (tlie t Itr' I SAriiv h uid woen to l11!suc the first dr~ift

n-kritt'rvdi Soto tttt llii- Very slrortlit therei wvet e mmir 't till~encines of[ otpinion

asto wtiuc tile first (.;ill -I,-urlt e s( tdI lie i Chiet' of Y Il ake Ayi i it;

w is th)y statjisticjal irietf~iol y svlm h jtr ii t crt iii wshen tie-draft should

be aLdled, Aym es said "Yes,, adli they) St t :out to fi i'irie [low to find it. 'Flmen

viorei as i., match the nniiiber of menl to liOIlCi~te~ tvai:,lcll. tie

-ojionil LeOVar-d P.. Aytes, iFltu fl ir of .Srioi.;.tics in I-Var, mt l ny I ndtlnsniaL1

ColgMtlV 4. 1`940.

-. 1t



collected all the information he could abhout evor'Aling that muight. bea conl-

trolling factlr, subjected it to thorough analysis, hut Jid riot get any 'answer.

Finally,. he looked at the problem in another way a ml said, "What art- the

rnjninlun-messenthals What dit recruits abhs0lutelyF havC to thave ?"-and then

passed in a report sayin-g the draft sjiould bo called the first week in September

without explaininng how'hc worked it oid'It. Nobody asked.

Thec dr~aft call workcýJ out very Well. Flow did he arrive at an. answcr?ý He

fl~"ivlt dav on" which there would surely be in every cami~ one pair of

breecimes for e very expected recruit-the one iteni he regardied: as abSOlUtCly

essential '

Atiodici pii.kl (is '1V QflL.l.i to Nut up -- cLillt lioudeI whILitk aitcifpAs to

treat every a'spc.ct of a uOnplcx problemni simultaiieously. What can happen is

that. the aniolyst find- him.seff c ritic-i/od hvuauý,e thec first model he has selected

has' left out various -factors related to the situation being investigated, lie is
vulnerable to these criticisms if 'he doesn't renalize the importance of thle voint

mnade about models in Chapter 4: Me~ question hgng elvked as wr eI , s the prolwrVSs
beig epr'snte1 Icernifles model. Without atten1ifon totJhe question, he

has no rule for gu1idaricc'".as t6 wha't to a ccept or reject; he has no rcal goals in

view and no way to decide what is im~ipom tant and. relevant. I te Call oily an1swer

criticism by making the model higger aind more complicated. T-his maiy not stop

the criticisms, for somiething must always hie left out., The rizC of tihe mrodel is'* .

then dletermined not by whalt is really relevani "but by thv~ i:a remeity of the

comnputin~g mnachine.

Onue approach to designing a nmmodel is to altemn-i te "duc the. lcal system

to a logical flow diagram. Thp danger of, this approach is thait the model may

tend to he too detailed and that comiponen~ts of-the real process will hie included

thait contribute nothing to thc- question t.ý lie answered. For this reason, it i

advisable to design the model around the questions to I~c a'nswered ratlism: th

as an imitat ion o~f the real system.

11c failure.t putf suflicient emphasis on the que.,mo 'nte design of the

mnodel leads to another pitfall: the belief that there are "univ erarc" fnodkl-----bn.

mpdel,, :av, to 11antP'e au~ n______ ag""'l -irtivity I or , aoipic. t ha

locca proposed (even io dI xen fv'jij, a siumdv cf~ntract) thamt, ai ;-t~rwn,,

computer mooci for strategic air war-be setu toP supl SU VWeapons vyi

it syst.em~atic evaluation of their design concepts and to enable the lDepaetimem I't

of P tense_ to evhaluat tlie worthl of alternal ivi- "dcsigll solutiohs'" dev~loped b1Y
:1 ~competing contractors..

Onhc argumrent foi such a inodel notes that "thc choice of assumptions, the-.

forecast of the future, and. the methods of analysis have a marked influence mo

the performance and physical characteristics of the 'Weapon systemn set forth

ais preferred or oiptimal"; tijereforc, a uniform framework would meatt that

"tere ts nhti ined by tile -various contractors would he C0umoparable since ifhe
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effects due to-variation in the assumptions they might havechlosen lo form their

nmodels would have beern eliminated". ThikS'may indeed be the ease, bit will the <
end result tbe deialAn S pecificu franicwork, may mi tigate onc'sort of

undsiih~~ hi y msak~ingit dif (ticUlt for an analysis to 1) used to rationalize
concluslions already other '-ISe d~erived by ill&,~ contractors; hut only at the severe
risk of ititrod'ifIug other biases.

The rl-i~st fundamnentat objection is that'UI such unfpr1M framework necessarily
conceals, or removes by ISSUrtption maony extremely importanit runeertaintics.
therefore tending to lead to designs that disrogard thec vaitie of iucdgiiig ragainst

thoý(c uncertainties. Anoth er is that if such aI modt3l were use-d to indicate whiieir
design to~buv, emphasis Would suoii fo..s %,,- how to make the design look g'oowd
in terms ýof the model, not on how to inake it look good against the enemy.
Also, even if efforts were made. to keep the miodel "ill) to date", this would turn

out to, he impossible, for the analyst must he able to modify his lUo(Iel inl the

tCreuIHuLIi stages Ofli.;Study Itio accomirmodate iinfor inaiin -)irepirp tliirini the
early phases. Indeed, ibn a prohlem iiýtvolving the struiggle between h.ations,
there are sp inany facto-rs of shifting inllpoiiaiiee, and SLIch radical changcs I inl
objeci1Ves._UidL tactics arc likely, th1at mot iel rv ohsolete before the
recouunenihtioui from the stjmdy call becomle a-,CCepted Policy.

Systemns analysis is Coneerned with proheiens whose essencv- is uncer-tainty.
.petii i.,s whom_ .ro',.i-.., -1' -111CHIrcn is more or less objective- or

Calculable Cim I ,e handled in the model1 by M onte C aoor other methods. THie

tre dine ora -, a. ý,h mice ita intlyi s aI eons ide rob peracfii? 0 problemv, howe,-ver. anod
aI challenge to thec anialyst..'-lihe pitfall fo7r ljode~l.bUdderlS lies in accei-pting this

calgeto theý ne~glect 4f the real uncei iaimlies. lhcsc typicall1y in\'oivr: form11S

canp bre devastating. The objective in systemn studies is not to learn what cain
happen in a given situation with at specific probabiulity as the comnsequence of
physical fluctuatiion, but to, design or operate the sysýtem .s) that any fluctuation

is unimportant.
Since a full Munte (_-aido invcstigalimtn may cenil xpand the analysis, if

Is frlequenlylYce OCIj 'L O Carry omut ? virnhi' exiper~ed-valuc treatiient, deferring
a frill uivestigrit . n Q~f fluctuation phenomena until thc qualitative aspects o~f the

pro''l em are fully uidicrstmodI. !t May then turn out o~be unllnecessary to performl
thesemoreeoniiieat~l ~lenltios since consideration of the real mmncedniki aic:ý

ma.,y make trivial the eff(ct o~f, ainy statiskial uncitaCIii1ty.

When planning in the face of a large variety of unceextain ticls IiL V, Uln Lerror

net to 1-een in mind that sonmc iimprobable eveint or combinati6,ui of eventns nfay

occur. For example, before Pearl 1-laimoi: the inpariese used war gamning -tech--

nique!i to analyze the possibilities of 'F C [hy iimust havc, cnnsi'd tha

any sequence of Lvcnrs tvhich would rive thL' Itinted States waxrnirig would lead

to failure. Yet, by a sirange and unlikelyý turn. we did gel Wal ning. n lit as-



StraiitC Ne "T noi"0 cI It Such a it t[1)1 ihii)jo 01' evtIlS. or at least all tile billions
of' them thait mi ,hI havc arisen, couk! -nt have beeni ;consideredk SUChI even I S
orI sequien.es. in irkible When1 conlsidered SiniFIVV. arill m rCteri'30.tiC Whit 1 theC
num11lber of possibiilitics is hire.ic

- .Aserik`uLs-Vitf ill is to i onore tincert lint V of, 10 try to remlovec It by assumption.

" "stcii s :n' I ''sk. as xell -is nny othecr Mtten pt to in;wtr the sanic que~stion I
must tiei essmi Is t\ e*c iincertli i IItv stIlirev tN reI(,;t it 'as, alln illp r tait etlemenIc t inI

th tobleil andl take it into, account in tformulating reeommieiidatitiilS.I

I Ile dCejio'01miakcis tfo ý wioilmii jny i s [1 esei-ited ilni1ost always hlave
iititoi miation that tilny not he kntown to the itlss As ain examiple fromi ttte
Illi~litar\V, thfe mJiiest(io mi OCCa1slio:li arises whether uinder s;omti v'rv speciali
dlemsointe eiiemi illmsiie mii iii tile 1,1iik1S Can he COunteI Lilt to Cariv ou-t J.

i -i.. ... ... .

7 the lost soultie'hosil(4 ildliiilo this t'eo ueiin

ýIll ial Nt iliust he p1-civ, pirtx to ha.:ve hliy, i'Co;nilicildatiOii iniilfdb
cons'ile ~1t1o11 that t i~ nill ni''e ;ipl)Iv to th1w irobeili or liv other

ttithceitecs hil judgiment.Ai I o il m-'Ill ile". the wi~ls iaN tlot knpw the w :t!
oi t- t n "".rii, "A") f",~, '. hi, 'n - i-'i, I i U~C~n !F!

'eieilitde as~pects ot Ills !I: e thet tile h" Vn'i, jtmctt Or

ito handle hemil withll) stli

ii i 'ti'I Ft I'.s k owshis sI tileV will he m-ibji-rt i) me-tiilmN- itlterpret;ilionl

alit po~silxll !lii t' al ;iilkmi., 1ie Jiiiiild miake In' -,UmijýcLIivc iiiiinskti

I rust ;is e';seiitiml because~k ttic -l'iit) hints t0 1:ike the iiall''.is i't and iiiemlhtii
tit ;am. studyi teamf il Ii lairge pIrt. oil tmitli. I lie elicilltimiiially C:!ltttiit t-ellat the

. . stdy, .1 w civdoll v edl v OWi~ 1t11 Tiii lt U teIeit ill iiietCidotis' de~tail. amlL Will
ii.ifii')(''h'. 'if'ee i oft i sjlhaol-t how4 tile anlluVNI raci[hed. his

I i ~I' iii smoi ilu it.I a it ni o peci;ilijel sk ilts iii ii

JliLtrittiiit i-10:11 litt 0IODm uuiit .11ie itti 1u~s'. /%', '(Wsi Ile caMlit cun~ite "etlIOuchi
1 ~ ~ ~ I V I i o ieii I .lliN imlCOMi eip i ) ill(i paii-ittmV tiiised wo'trk. I witll Iii lilt:

ki'wllestireý the clicnt niutISt k~iloN eithcr hovw thc Iinlss tin. Itfinc' h
sub~ijeCtiVe eI'lenmeilts ill teStudy tr whelither 1we tins merely acO-cpted anid i ised
te. (Icrle t~s *jtidg[ witii 'i . If lie k' ý (ie hi,; m1iclle illiiel itu:d1'., thle :altl tt..t-S.f i Mi L~ille

rethliln'" may he the key te' whimt lIe deie. IN, inltrn d(21pe6iii 011 the wit' it.
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IS prFLCnt'iitntlan his uoi nidencc in 'the mlenl and or-gnil/atit fi1 l 11 which
it cm nis- -in pan iid mr.t onl what k irtdl of response hie gets to iiis qunestions.
There ShoulId, thetfore., hie a, general adimonlition to the ainalyst to keep his
cownsumer rin lions, good. i1' they airc not hie (-IIIcan I n vewin acceptan rce for his
alnailysis. Illhi pr-esenitation ie, muist a nswer- quest ions carefuilly and avoid
expressions of condescenision or style Of Commun11Iicato too, didactic forhiI
cliint's taste.

Ii- it conn~ pa ' 'a .p~i:~i itfa-Ii to put mILtch faith Iin the values of
ib'ý 1wilabiio v whichul determIline the straztecu as~sociated w~ith the-. hStystem, for
the mlodel was probahly designied only) to disciiuiiiimte hetween systems. 'Thus a
cost -cit i vv'ess anallysis ifthat iniicates missile A as the prfre uiss.lewni1
also il cal e tha~t to obitain tei axIC inufl iIl1 cf~eetiVV1eneS (for' aI LivcI Cost) with

mnissile, A', at sp)Lccfi, he numbeir of missiles shemuld bc fir-ed onl a. certain target. lBntI
that numher r-t PCm leof do~iitf'Ld Val~id it\. sin~ce thle pa rt-iCJil;I~I"noIlLcI may ha'i'e.
"suppreCssed cer amn factors iniportan t for thi- vscmr''po.int hd not for. te oie-eli11
comiparison. .

Comnitiimics ;i matheam'litical Miodel uIsedi eiotin ll ~ l~* inthicateS a
precfer-ence f'or extrcme 4trateg'iS, suich as tho pi-csc.ription to thrioA all resources
into one action ovr ani initial perilod ot fome iiid Ilue snifilenly switch all of
them to alloth11r., action. For exapleII, oneC taciL ml studI(I inldicated thatt for the
tirst few, dnavs all olfenmvlvc aircraft. shoohtII he116- ''si~'x tie cncul',' air fowl'CS.
and thenr siidclvhii, for time i-cst of thme camipailgn. qcirytmii ig should be used in
close smonnor ot troops. No xar lh:i-i cevr beent fo' htý it ihis,.Wavý anod ondý

snomihdI hc xirciuchy INOlbioS ab)out :nch iO extrc n.- si ritc 'Ihs )ay i the
correct sulintion for- the modlel. 11u-t at model cmnnot r-eflect ;il(it'o tile smobmfbing-
o; t! factors, presencit 61 the real wor-ld, troops not opjlinsCL by enemyi aircraft
CA1n1lot hc ecxpectekd to follow tIme 111MdCI'S CqiILifM1iii. This does n10t Ieanl that
such calcula'tions arc oft no value, hut thaL. modifyingi cir-cumstances muist. lit

conideed efoe sch soluttions can., he illeitxl its operaitional guidalne i-00

ileaft i aSolo 1ion. uauitmlb' Ilaly if it oe 1 mi:4stbi:hdexperience a hd int~--
6011._ should be viewedI cautiously. /

Admim ,i-ii taors svmiiet iniics f'ccl thatt inmc of the wor-st chiar-ateristfic'; of

svstenivs n 1t1t7ad 0opt'flit mns rescaiclicek 5ý i:-,a Lit-yVdtt mk ,.

changes iii at ':ludy' afterI the1 Work is lunlt doneC. Ithisi estlis, inl :I grcI:ii dclC of,

''wastced wi mr' anid mleans5 uHIM deadllines areC to(t rnoing to lie loct.
; lcou~ra' in il o i inc j t tmmak iiig a iniin'jtl ch e IV A LO stu y t a lat

slage Men us that niuch of the early work I-, Iot tised. alhd l,,ce ansc illch a
change lilmay im-v ito ly reat Adet1 otttif :0lonital work(. that dcadihutic,; imav not. lie
Iltac. 1:o these rcivioiuý somi taytiiwe hyae onetI-half. twotlnijid", or.
1 ree-fotirths throu)Lgh tire sttudy nay 1 n IMuLSe to evimlateIL Whatt they have donle

thuis fir, A periodic ioaippraixal is VIO4 lai ihi howjvcr, because ats iv h ;Ilimdv

procsessc thei, mn1alst hroadecnS hiS L WeIrstimumtiiiig of its scope and ptitposc.

,. V
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Stock~taking that results in junking It major portion-of the work indicates that,, a
reappraisal was especially necessary.

A practice that can leadl to serious error IS suggested by the follow'i4g

statement: "If severai alternatives have simijlar cost and effectiveness and- if

tseresults are qut sestv to te v.lues assigned~ tbeC finpus5, snt t

basis for decision must lie found". This may aniunui to saving thait it' affer

honest analysis we are fundamentally Uncertain about which of scvcrad altcr-

natives is hest, the issues should then be resolved on the basis of sonle specious
side criterion not originll.y jugddqut to (Jsrmn ,This'implics thait
urnq1.ie optimization results -ire niot to he trustedj, and therefore th;Jt they shvtyid

not be tnistedi, On t~h.e contrary, th'd point to stre'o is that the !decision mIust 1n D
made on the basis ot torthright recognitionr of the fundamental unceritainty.

Witihout, question, an analyst is in a position to bias the conclusqiaIns "of a

study, for example, by judicious selct Ion of the alternatives for examination

and of the variables he chooses to inclu~ic in his~n--odel. Doing th1is deliheratelv

to impose his personal preferences is certaiinly unethical.-
Along this line aie pi falls whic h ire almost impossible for thýý oa ,ivst '

A ~~avoid. For example; ats a personjrFsponsihlc for predicting the OUtcC611es06 (,nI-
going nroceo;ze or titendQ hP mrav frequently he liable to severe puLnishment for

beinig wrong, but rarely rewarded for being riglt. This does not always en-
courage him to say what he. thinks is the best thing to do. Suppose, for instance,
he is ant investment analyst and he thiniks his boss can makec a killing by buying

cert.ain stock. So,,, if the boss iliet 1(0 0000 in, this stock the chainces aic
three to one hie will lose It, but there is oui clianice in C7our that lo: will increase

it tenfold. Suppose there is another invcstnienit avil alble which has a 1(00 per

Cent clhance Of. bringing in $ 101 00)0. H iS. expect Ied gaoin tror the first incinivetrct

is $ 175 000 in contrast to $ 10 0tt0 front theC S4iLord. Suppose also that the boss
i.- lloigi tOajý1'd 1.10 os oi 1vo 00 tt0 scvcruld tii les lit -mayvlhe extrenmely

difficult for the analyst to t,,ll him just point blank t'o ma ke th inivestm~enit. that

will maximize his expected gain. After all, tlute tin' 1, es out of four the boss witl

take the terrible loss and as a result ma-fre hm I,, his illustration sfio 's thatl

Courage has its place in this ifield as well as in othes.

it is sonetlimes assumed that whoever understtands the enigineering &fdails
and is able to design the cbmiputation is also fit, WIIJiont further situdy; to carry

o bt the analysi!s as a whole. Ibis is like saymio thait whoever is fit to build a

house is fit to dlesigri one. The builder and the arehitcct may have niany of the

Same abilities and their training may be ali~os ,thte sanme, n)ut skill in one niew

doles not necessarily moan skill iri the otbQT.

*Omit of context, these "pit-falls" wte h'ivc mentioned seem so obviouu; that one
W~rldcrs how they could have led to, error ;I first tinme, let Alone, b! repeCated. One

has only lo examine actual analyses to fifl\. thitt they a re stil pt,ýsent., Our hope

iis that as theory develops they will occur less frequently.



Pa-rt Foulr' I~

A. SUMMARY "
soi adiditiun io Luuu im-o l 5Ioints ma-de earlier, this lasLt chapter Aittenmpis

to indicate the lirnitati~dn of systeýms analysis and its alternatives. Fot emphasis,I
the SunIm11ary~ is presei~ed asi.two )l-,ts, Thu flirst, collects manmy otf lw, principles
or precepts suggdsted iii ea'Ocir chapters as essential to goiod analysis. Tlrie'
second cites questions thiL~jahyone who is expected to act on OLdz lma;is ofI
another's analysis (or even the analyst himself) r-ight ask to clarify his thillking
bout oruncover weaknesses in a~study.
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Chapter 17

_R 1C A 11-1LLATIO0N

E. S. QUADE

%-trm s',jlýLirdi-ikn, t g-daiceo usumdy Lo~r

.decistiins -in which eb r'orotis quaiH.ti tt iV'nv; yeII Oily Prov~de piart o f the
*Olltitoll, Ihle 11;1n, Who~ C, l-~o a1c, oil thleIia-so ,' ie
nieeds mlore than, coilid eticJ in h ul lclioi.o the-ni'~ . o i
that thle work i ccunuplcm 1oitwsl 1C .e dt iy U nder
stand the Imiportanot an tilImidni tinietal principles involved. 'I ho ex cuutitc oi-
dceixtonin~tkcr does iot odiojitoly have the timle oir 11CI1 eqileny tilL traiining

neces! ary to work Ilit-n iri 'ii ll tin- (ii et f the anal sis !!and' to un' c-I t- and
thosec thint he cannot ICCep~t intulitively. T1,Ii 2'1C icie ore, tr.ojt o usioithe anailvSt. With 'these q~fostions he attuauints lio w uic e i 0 L-miiu

De'"l COMCM ýWcrdi to encidlyaccetedprinciples of" goodLuiaalysis,that tile analystL has piuperly cnrpneedthe 11leCeS-ii y (ILII)Uiit andthint, it the conclusionls arc not ;iccep[tihikc Lo comilon-senae reasonnin, Ill,

unidersttundS Wily
TO hlucp tile 11i: in MI, DuISt ac:t oil tile reSuLts Of iniyiWe h~ave aiýsei i lked

two liiits, ThL first ot these cqllucts principins or p-recepts that are cotuupatihic
xvi L, good, Ptat nanuissi ovi~~ ~~ SO eii.The SCetuiid liStS
questions thait a, user rnusigh. ask to clatify his thinking about or uneover possible
weaknesses in a systems analysis'.

vUnfortulnatclyf even1 d these iUts' were firni, they cottl ut Ilo w guai"'antecco
lo be Very heipt ii. 0I course, no0 011e Would CXsPCet to ooAaicyc iud'ueIo

u~ccaiel~., o .l ai Couplical.cdu anal--i. "hy thie nininuhcrs' As for ithe
pit icpies presen ted, o ~s~gnera 'L,,tiovs are- not unres;tricied~ or unive-rsal likC
trla ws of physical sceneue. No one cani !;ay vvithasuaiu "F ollow thc-,se
prinlCipl'eC urud YOUCulcat go Wrong"! One '-'l sy that the~y ftre mo1re trtic than

~L oit uuig ii Mili Ci~cSevn fiisiiiu e Maimater of opirthou ). they"c are-
pres'ented as commliln -sclisc Propusiioius';: not ai~ at list ot rtulecs or dicta that
inugliL subtif.titv for thinking or for kuibwled `c gainud byv experience and

IDon Id M. Foi L Of RANDa SUgg'eSed ihat ý;ueh a list mnight be useful and
contributed somii samplepI quuestions.
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1. The desipln of thle allalysis I's erilcial N large share of the effort by the
hleaders of a1 projeCt iln" st be ivse.In thi~iabout thle pi)ohieml, exrplorilig

itp p-oper hrciid-. trying to discover thle objectives of 'the Systems oi- opera-I
inuer 111001 consideration., arnd seirchine tint goo1d c-iterlit for choice. It is

;SeCFii to know als IIILII asý Possible abi-fir Ctbe bhtch iu'nd of. -the problem

iierL it caine from, wvhy it is impf.irtanl,*'t~ in \'Miat d fcis ii it IS g1t~t

asist1I Probilem forniotiatio i necessarily n11volve, at gi e's deal Of jridgintd
in it' on about the scope, [the degrece of detatil. anld tile lvel of orit irtiiationl,

b)tt this frii~j~,i it- heldel foiaat';asmcha the rest of ftie studyIN.I
flie dCsinaotw Lii to in its-se11 tini 10 wlit to ii1-3 h5 b a t-mMnp1i;-ri
sniintoIIe. If 111 assiti 111"tit fl I11c 5-t1.,o take oil~ th itngiooi le

IthUn it should he je-examnenW

[einetgation may q rt2Ilr imo nCSxee 0 itise tile loblen~. Aliv

ilnav is that attempts to tizake usc(ito scenjttific methous is esscntially ;uteit ivial%

proceess. Thuts it mitay hap-pentil-sht the first s('t of 'iUll I phto 1011 1111. HnOIel eCi'1 lk
tit More in it realt-world problem thm 17in 1 hel dto iLeid how to C011t1n1t0.

4. Settinig forth possible'.'ConelnUSIonS ealrly in tile Stiidy IS CSessetial to the
'udoii f 1l(lre Atialvsis. hutt tte in iIN-st most standi~ ready to discard lis, early

t~.a- b.,~0l.t, in' the fice of, later evideti.ec.

5. Detailed treatroteni! usuially should con-ic i)atc in the Studly, wh~enl it Call be

unsts.inl di-otveritig li ieoneeptiotis andi Iitk~ tar lv ill %the sud it IS

gcner illy I iistaike to spend 'lnuel time onl reh1itC. ReyWell-titiderstoOd d~talis" or
Coliuplic itt Ii models". Fo ttttn1 ulp ideas, ita rlu~ghlticatiliclt of 11i:111" mlodels i

better thio it c oteu ar1id detaiCled tre: jlit mii e of (me.

0s. systeits analysis -shliod try fto create as Well ats to c(iiuinate, alternaisvo ye

i he invenution oif liie alternatives Canl bte mitch miolt. vailiiihte thanli Cxýtaigstivc

comparison ot. given alternatives, none of which nmay ie Ve ry s;atisfactory. 'I lie
job of thle. systei ins analyst. is thuIs not onIVly anlysis biltt alSO deinHtis ama~lysi.s

Should sgei I w alte-rniative.S (r eliliigesl lit pýivit one that will itake thw

picierred system;v or opirotion more satislitetory.

7. '1 ht. Systems ai%,Jlyst shoulti spend itIc ist if, much'tiate .tryiiig to i ltake

the decision problemi less., agonizing ats tryltigr to decide Whitit the dUceIMUil shoul.1d

be. 'Elits rcuuilre attcrtioii to design. not micenly ft) cvihiaiott. As ai reumlt of

suggesed rioduftation , : ingle aiter[dit V IinntV Mitoi out11 0inche h-

amllonL' coinpeti g Altern at Ives will he seeni i~s a matte i of Itt Ierene. A nnll-

orI-a -- heory. [lizi cj o-scnts; the perfornunee (A tIil imn ii tlin alternatives---.
hopcvcr ftsce. ui it may-- be-is not all that.fthe pioiicyrotsker waiits;.

"8. in ,ill analyksis, the use tmo defi inevuaie~h ill 'Mt. - ldl~-

because thezipirohlems are teoMpl iCated, iHOIC iodet are(_rmctiiitIV detailed aitld



120 StiNk AR PivV IV 17

claboraitc, rcquiring the nhivestincut of harmy lirna hours, However, it is the
questi* on- -not the mio de that is imj'ucrfant. Thc ainalyst Must be mnore irltc"i'estc!t
in the real-world probiern than in the idealized-. model' fie uses to cornmlhre tile
aliernajives. He must he piore inte rested. in practical, questions that demand

answers. thani in the intellectual and Inecha'nica itadgeks -use( io get solutions.

9. For most pheiionuO 1hire are pmany possiblP_ repres,'i~tations; the
app ropriatu morl'el, depiend's as niuwh on tI'e questiont beigau'- d as oni thi-
phenomena aho~t. Which it is asked. There are no "universal" models; no one
m1odel ý;)n handle .11i, questions about a gi;ven aetivity,

10). Comnpromfises ai)L nec.essary in model hufilding. Whcn there is a ehoice,
it iN diooo~s 4:ikkýys butter to saicrifice wnorlkahiliriy for I rnnr.- aacuie n
1.0141r, flue process being.,modeled.

III economi nIIC lit ii ry, a~nd industriýA ___bhlenrm, a cleatly defined ;

.u1.,twluiiaticail forml i'ition u s fundamentally difficult. But after this formulationI
m~eiflksophisticatet'l miathemnatical techniques may frequently be usefuI

in obtaining the best Solution. No matter how difficeult the equations or com3-,-
piicated thie analyses, some sort of approximiation can always he made.

"12 oniputations Willi nodlejs an-d 1iuachines arc frequently valuable not
because they piove results, hut because they lead to nrio~rd and better knalysis
at the intuitivc level.

13. A computing machine can hel n my 'it jroblenis that thme uisialyst
"lPows conceptually how to solve by himself.

14,: Militacy decisiomiiaking must rely miainily on using a great n-1iarPy'
partially iformiulated and largely intuitive judgments by experts in the field. Bly;
introducing at pec~iSe Structure and terminology the model is primarily an:*-

lfecive means Of communication, and through a feedhaeck process hulps iti,!

Lxports arrive at aI clearer. understanding of their Subjcdt imatter (mn'tl

objective dfecisionimakiag is an ideal -and shouhldbe so recognized.

15, Ins conflict situation.,,, the effect of the enemy's or tfq-V "competitor's
deccisionis on thosc. of the analyt, null vice. versa, moust bet~i xliil ae

UceotiOtII, 11SIiiiIL~ C',~d iaiuiuy.,Is Of h;e tenemIy's Or tile competitor0 S ySCIenIS anti

operations. Countt~rineasurcs 'and coiunter-coo atermeasures must be cinbsidcred.

il. A study diat attempts to influence policy mutst make o. convincing'
comparison of alternatives. This implies that the analysis may ha--ve to he done
in two parts: one to find out what to recommend and a second to make the

reenji ufinenjdat ions convincing.

I7 Altqrnativcs poli~ieis, -iystcrriS, Or COUYSCS of cti-iutC be cIn-

pared in the sainie contexts, T11hat 15, thuc objective:,, custs, and risks of[ a first
alternative must he comnplred wifli thIr-P rif q i~pcnnd in n printryt that includes

everything perfirl~nt to both.
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1IS.-. Systcnis analysis should. he system,, orienite'd. Flnpliasis shoulld be
placed on thc SimultaneouIS consideration of tile major relevant factors, even
if this requires use of a crude and Imprecise model or unaided (but c2xplicit)
judgment. Ra ther thaii4.educceC the problemn 0 comrrponc nt p-- arts by deliberately

n-gecinc teir infernAotns;, thfo inalyst tries: to extendI the systems boundaries
asI fr as necessary to determine which interderiendences are imortant, and

then studies the total complex system.
1.The typ ofprblm sysems •ia11-dysiz is designed to hatl nsImllv

calls, for an interdisciplinary team -consisting of persons with a variety of
knowledge and skills. TIhis is riot mici-ly because a complex problem is likely
to involve r-ain,' dirs faýctors whl~ ;,-hca ont be han1dled hy -1irledsipie

An even miore im~pbotant reasion is that a problemr. looks diffcrent to anl

ecolotlis, o an engineer. or. to a sociologist, say, -1nd ileict different
a pproaclies. to the problem contribute to finding a s-olution.

-I -.

20. Insofiir as possible, a, systems analyst should try ito use the methiods
of science and to establiish thme same traditions. H-e should 'he ob.)jective .-A-nd
quantitative; Liii hi's calculations, assumptons, data, and judgments should be
mmmdc explicit and subject to duplicotion, checking, criticismn, and disag~reeent-

.21,. It is nect-ssary to look for ideas and new alternatives as well as for
facts anid re-lationships. Ulnless we have ideas and alternatives, there is nothing
to analyze or to chioose- between. l3iit ideas arc easy to kill at the start before
one kniows efiough about them to evaluate them.

212. Inquuiry can ne(.ver 11e complete. 'rho detcisionnmakers responsible f'or
action must get along wit hoiit all 1l1c additiofial analysis that, given m1ore, time.
COUld have been done. They nitinst add consideratiomn. that the analysis coul, d
not or did not have timni to deal with.

23. Analysis is as applicable to problems ut research and developmenlt as
-it is to other Orqblerns of choice. 41-Iowever, the paramneters for comparingg the
performanice of'several'ýsystcmns aiO SUbje.ctlito great uncertainty-asg. is always
1he rasa wlieip fecscar(b -is involved anod u~lijalfy when d~jvulopnient is': inder
Way. is -thin I ikely to ho more uiseftil in tnoinitinQ-ou~t where further
information would be particularly valuable and hoW, to get it thanl in- O.va;jat~ing
oi specifyini, th_ý "be!;t" system. But analysis -1alone cannot locate all1 the
theoretical and emrpirical knowledge required; experiiment and development-
cannot be replaced by systemis analysis. -

-MA. Real uncertainty that cannot be removed by further analys'i's' is -'flay's
present in, any s;tudy of 'the real w)rld. It munlst-, be explicitly triated and
analyzed to determine its consequences.

25). in it complex real-world problem, full optimnization ovei the entire scope
of the problem iss ordinarily beyond the capability of analysis; hence decision,,
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muist lie. reached thiOlll01_l Judgment baseCd Oil incomplete optionl/atill oi s snjh-

Op~tillilili~itjls N lo 5L IC'itilt'. jlSSIbili~tV ' 01IIItvOLIileii error by in incoiiipiete
tlli.'at~n i s necessary lo (.ii Chee for cotisistencY of c:riteriai -Ind

objectives between thec prescialev Lito 0 tJljiliziiatiofl and possibile higher levels

othler ioh tciv s:a ;II (c. c~I sinICi ~It icisi 101otleitV h)OW theL OticI~litil 1 5Sti

being iIVes , jg'1atCd helps or- hiniders oilher operations or systems.
26O. l-SO 2ii re a i.~oide in chloosinlg aniong aitcrnativcs and risits.' It I" IIIipol-

ta It to c:OSt alternAtiVeS inl sonic Ipp~ropria(-lf Sense, lIOWCs'cr ai pro xiniiitely,
p~riOr- to 'hoiCL'. Offherwise, we canuot Know which alteýrnatives; %~ill conltribite '

i/. 'the H atiitdiIi Cepvfl\iIomit, Or p1'latO. ibL2 %v;iX' ol' yerryimng out L! task

is not the onls Ls stvsually aI great variety of wilys. cue k i;tth hA it articular *
adanics and di I ntav s benhits 'ind cot, caitis1nl ks ei h

pardIson .,) the rel~cs in ilteriiatives; says, because io satist ictoivx crierroli Canl

he fcutid- -t4hc pri-piritior of ;I list of altcriiat~vcs, togzether with terci~sc-
qiwiriee'1 an~d thc possihl: rromnitlion or dtisov'rv. oil ne(w Ont Ma i kes theL effort

2R; it is cim error 't, ioiýmnie that. Anyoi w.in I(I litlersiaIs lI Ii i '1ii ileermii

further k nowIlQdge or tia' fling, todUcsign theini~vestigation as az whole.
Ill in boad policy cpliestimls.i,.ialente cannot bec preferred nie~rely

hecause it i Is: (Ole tiCA-cosl Chioice Ill a single co.,t ilfect ivenes colilipaisl)51.

Lven at best, suich a eomipafison callt reflect only the iiost probhable I ltire

c-i icunm mccic.. A p~referred altQYrnatiVe should also) goJ a long' NWaN ytnwair
achieving tcbjtIll i les-s probable, or cveni lit mianyv iiilrolmulilesituiittiffis

_- -and we would eveni like' it to.offer a1 gOdd chanUce to ;ittaili n iaiy of the lower
prior~ity objectives always presenit.

NMany svstenuis ana lyses adop-aier' Etii-i a -- I- i epori ci to the-
-P[IO sp llo in 1 an elaborath briefinlg OT ;111 Iimplssivc brochure that catn cotiecal asI

well as reveal tire analysis. Is there :iiv way that the YVec )tile t (Of 5,Ie:. a report

can guar-d agayinrst thie J1 OIhisility of Iias or error and he surle liut! he 1ihlllel
tadth nietoiofthe stiod? Not with -certainty, uinless hie ealti tollow

the Work in detail. J lo-w vein ,one traditional way that helps is, to ask ii tiestiol is

(I i llth aill llyst.

01. course, no list of' general questions Call be tnepaicki, jindtepeiulcit ot the

'piia tcnla r analysis, to guarantee a -good cvaiiiationl, bu s1te a1itmya es
1-11i iltI Chlct anrd the analyst of c'onsiiterations'111 1othc rwim, overlooked.
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moeLj ilstionIS 11bo01.t 1i~i ntS ii tadC In the. ';tii\l' :11rC I kel to he

moe effective, the fo~llow og general qu-iest ions i amN tie P Iroth thel ;anaiss and

1. D oes tdlý project leader appea-r I,,. ha~ve a fair hadik e-rotind koida t
l11 subhject a.reai? IT hie doesn't, Is there sonic comp jaig resn h

.SmolLti. 1 e leadin~g 0Ik j)i0jCL:L-
-o w th relimiro n. rv fortila-1Ltionl shOw, Mn1desa~ ng f what needs

tO be doneh to till in thti gaps, inl ou.r know ledge? Doesý ill rpose apDC MProacir
look pron-ishing?

si IN tdile -lnks ii oipl isi d m -rre an

S k.h~hLl~iC areto h (101C ýlldwhen? is Ii tie ;I Lw -,thoea

iawi-ArenSs Of who1 Shoul1d he woiki ng? ()i i,. this al StRIV whkr e it1 is better. to

..he next qukltioslli 1c0iihd lie Iasked~ earl%, as well as, late ill thleanis5.

4. 'What is the purpoj)sl of the analys-is,? I'S it to deternmine t he olle best

coUrse ot action? ()r isý it nincrelý' tOrovd 1(O infraio.w.c lboC o
adeotiiate aasole basis for choosing die lest ulourse of action, might he helpful
in tAkijin theL ChoiCe! Or is; it to jLstify al particitlar action inl which the analyst

or the Clien t hlas a vested interest? (A nun i itactorer nmty on ilv he trying to show
1noW his parllicrIl:rr. design tits into an opuriri 0i00 CC-4CA ,,, "rin ih --.-.

;lanat-is, malinl to dictcrcrt1inr. Whether there is SO1r MPort1:iit factor- missing
it ,thle analy1)sis shtonh1i riot he nseCd 1. seeton i's".r

tor develolmineilt. excluding Other pos~ibiilities)

~.Who is doiing til- Ii' anaysis? While disinteresCt does no0t i0a dtiojeC-
on canl~ detIrini ly 11-: I to sh orvsi ghied ness. AXnd

.go case o! h other hand.
all lanalyslis by all agrr;wth alccess to cornpet it ive daita should he 1110e

r't,ýahle thanl one by a sinlgle contractor who cannot really do inure than make

0,. Wh at decihin is thle ;iiLvsi(.ccrned With- (aiil thle analysiS help1 with

7. V\10 ltItLISt irIae ihe kc oI it to he Irade hy at slingle rindividural

or agency? ii, Iot, does the anlalysis tlisthiniuish ;musrririuatters, to !)e decidedl

upn y ifhorre indlirlividals or agenrcies!

X Whenl miuict or s.hould tire decisions, heMade? M te tIe a aysisL diti-

gciti11ht betwee rimaters that. require tkceisiorms soonl am!d cithc-s fori Which linial

C0to11iiiiiit reit all be po(stp-oned!

9.Wh~at atlternatiVe deciSio1nIs abou01t, courses of action arc Considered inl the

airalysis? Have any 1)r gnie
It). ~o'2 theairalsis noreanyý related factors that shoul Cc~succ

itt
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jointly with the problems in the.innlx'sN? If so, could consideration of such
joint decisions currently affect the conclusions of the analysis? For examiple,'

-on idc n analvsis to determine a ch ice of misslcs for the stilategic force.
If aircraft are also to bc used in the force, the number and type of aircraft with
the. same. mission must certainly he affected hy the choice of mnissiles,,and hence
should be considered at the samie timie,

11. Are all the alternaitive actions considered in the analy~sisreatly possible?

the conc!Lusion? For examnple, somne alterntitive actions that are perfectly feasible
in an economKi, or a military sense are impossible becCaUSe ofj politic5l ~it r I*

12. Does the bihalysi~s ignore ainy consequence of the decisiop that shouldI

be considered in muaking the decision?I

I13. Ar"O the. assu~nptions explicitly -stated? Arc there alternative assuniitions
not explicitly considered in the study which miight he just as reasonable'? Are I
the assumptions unuisual in any importantl respects? Is it possible thatt somneI

plausible assumptions mnight invalidate the conclusions? If somne conditions

could chanige the conclusions, are they indicated?

N'. What is the basis for the prejiiminai y el~il ination oF inferior alternaltives
in thw "nnl vqk 9ý hl%, piht01im nti,~,bsdon na fnimifi-n n Hidurlnient or on bo-th?

If formulas are employed, what are the constraints? If judgmnent, wilt) is exet

cising it aind whlit aspects are taken into e'mt

15. Do the decisionn=aki ;g, erT~t(r::z xa-2-K:7'.r A -~y''

with higher level criteria? Are thiere other criteria that would also appearI

reason able' VArt; the conclusions sensitive to the criteria?

16. DofSs the Systems analyst fully disclo)s his subjective judCg1nieatS? Where
judgment is used, is the logic behiind the opinion maide explicit'?

17. Does the analysis lose effectiveness by passing the buck to the decision-
maker? That is. dooie the analysis fail to go far enough10 in elirninating inferior

18. Arc the results, of the analys;is presented Ini a useful fqirm, with thle
con1clusions Spelled out SO thiat they arc nicaningfUl to the recipient!

19. Arc thui !ibiitations of the -nv I,; aswell as i-I's nm featuires. pointed

out clearly and candidly?

*20. D~oes the analysis pro%ýidc snerelativel!y simiple rules for comiputati~in

or for any schemue that the kJvciSiorm I'a kemJ can' use to elimiinate inferior actions

him~self? Can hie doc this by judginemit. Or is some formiula that is buried in the

stutdy required? 'Fo:r isacare the reclvant outcomes shown for each a~lter-
naiive under various possible circumstances'?
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1.Are the Con1CluSiOnIS illtlil~ivcly satisfy~ing? D I es the study support the
conclusionts? if thcconclusions appeal lo the intulitionlý docs this appear to ble a
case where the conclwsionwi could have. been r-eache-d _nywaViy onl the basis of
intuitoion? If the conclusions are in-tulitively unlappealing, doies this appear to he.
a casý.t A.Ilere intuition has been shown to he unreliable? Oj- onl the otlier lhand,
is this an indication th,-it the anilvskis my be unreliah'le, pLmimps beeuc-use it has
iiinorcd somp subtle and an-alytically intractible considerations which all in
Lit.ve approach wo-uld ha ve taken into nccount?

22. fthrarspcacae ir( 1WhiCli thle ('oncILISions are known, arc these
conclusions consistent with tile gni ones?!

.23. Is the signlificant problem being considiered, or. is a related problem
rcaiiy the significant one?

24. Does the analysis allow for unceriainties about tl , correct form of
rela~oo4in fliph modcl, or for thie fuLi iv' eni'Jiiynfent5 oi- f or iurohabilistic

uneertairnties, as well as for uncertainties in the paranmeter values employed?
Does the abalYsis distinguish between these types of unIcer-tainty?I

25. WNhat coitingencieý; wen-, considered? H ave any obvious ones b~een

ignored? If' probabilities arec assigned to various contingcrncies, are they intended
t o repre~sen-t subjective or objective tiroliahilities? It subjective, whose? Is thereI
any 4vostin a!; Lothe Lb rogng .1flto i to som e of the-
contingencies? Ar-e the IMIIuuuerical VaIlueS questionlableC?.

20,. Are erterny (ii crnipetitor reactions e-.pl i itY idk eni i ,Nt.ntoint?

27. if Lievelopmniwt proi~oo-dit are beinig evaluated], how dIo they coiriparc on.
the hnasis of' counininn used. "rules Of 111thumb" as to H ) the numbeir of places
in the design where -break~hroughs" are ume;(2) the number of points 111
the design at the present limiit of the eniginieering slate ot tile art; (3) Hie number
(if proven component~s in -the design; (4) the quality control and umanagemuent
control proposed; (5) liust performance on similar designs by the contractors

in queCstidi?

29. Wecre the astuiniltitons of' tlhe model made explicit?

29. Is the mnodel adequi-ate?
a. Doees th lie model represent correctly thle kniownl faei.'t. knd situations?

b. When thle prirnoip~u paramietersi,,re v~irned, do) theo residIls remain

consistent and plausible?;
c. ('an the model handle special eases ini w hich there is somec indica-

tion about, what tile outConie., Should be?00

d. P~ocs the mjodel as-sign cause~sto known effects?

3so Douyci thec study give consideration to ot~her posibemoel'

31. Are) the recomminendlations made with full recognition of the uncer-

tainties involved"
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li. 3. 1N R 1. 1RLIONL

1.1 !Cenerilt. theCSe l:cture;_S hwvc dc idt ith dii tiProblem of what Call and MhAt

ats WelIl as phfllscIll scientists to help people who nlmiut miakc deeCNi.,nN~l III h1e

[EICe Of /01/ 1-AI1eert~iflt\-. IL Is this urn ti eltilillty th1t Makes tli' rblm difficult.
A lon r iii~ !!W Irk. ni!Iill ICtu'ill for exari.ole, to) the problenis ol

the ownvier oý a raiill'y staIble whok \\ ints to winl a hoiýe ac t -Lm rnmay

C;IlIS il1iCHU. Oil A1I Ii lek It(]! Ut LIitiii It, I C~i horNSeI 16t Vet horn. o mi~lke
InpItt wo-sc., thle poSsibilit Ckllt I.litl whenI 0h6 raLce iS fifilll' 1-1111 the rLJS

IIl\'i1 ihIVC beenC hl;illli'Cd, 11he ti wk lvni'th alheied,. and fihe hurses replaced. h

Whilt aie ti1Cle imitations of im i\ sINý u, 'j. I titch. Assistaint Soeeretlrv ofl

D0i~1011',1 (CompIjtrolle-), ii I I M add~e-ss liteti lb' itS. Alm\ ( t)pcrl~limlN Rcsoarchi

S\ IIIIOSihill If Otinkt I tiieislI\ (NT lICii 2i.ý t'M2) dcha111n p1in Id tile uISe 01

1-1-1h i Ii 1,v, AIicI),pJjmut(5 ~ces l ie rcmurkcttI

th~er will alwetays he whl~dt IOlNSichl hiai- IoM te v'ery flncla-,

Iti)C~tals of IlatiO11,1 dLcIlcf \1 MInch atu Iilrlll)! not. St~tjut f.6 anly sortL ot

r-igotrotiN, LjIa;IIlti1Itit C ltINIV~j5. it i¾, 11011 OV1eli p)O~SSjle to .lilW a1 line
betw~een Iitlsw wilich lic and tilltSe \VIM-iI tire Hot tie I.~illtlkit ellet11)UIiiSt2S

:U NkHVtiTh (Itt L'IPit stIlt:itnis' which areV 101 /eorItvs stiIhjeet t(o analysis. 1 tills,

ýinaititcai toetliql) t~tc. I or tOwl I rtII:tt~t, wc umIol~lx. cne~t 1 I laceda.

'~I kld. ;IStile sllli- ,I' ih.X illlih h;doeso!,,! it I il [ll that uthe liý.\oVC i no !•i our

,omp!!~tcrtllie of I Ilitilt II m ~llil'tIli 11 it iollii(i o ldlla i ol l th f 011w. llorlytea

teeonr loikltJ. Howlti do5~e ivCoI) tIliialvcktitli. l'1"lww'l lciwoa'

I.o iv lc (1 1. i LtImIIjW ,"',A

lltl't 15t.) 'lIk t iciaj 1-ilitd t CllN ee Li WIIJ itil I/ SUeN i th.t ilerlS GIld eihjCIl c ar.

InaY otile meui loliki tfxl~i ilpltý dc tel~ioi.jI lltýý i~l tht they hav ftttlij ýlcd oila

IhoVLi ,Icl )I Itlttiitii he;I ft Ite wdc I i s ail.cl t pelf-kI cutSVl k ll t hia se il Ill 11Icl

11111illwy plodc Sloll -wilo ll~lu ll~td 11) lkv i lh 11wit ii-,.H l o s11

i I IiI

L t: I I pIo lIcIIIL.i a ýh 11i i-il. :1A td I- o C )i c h t o



\ l l Ii I I I ION

i)LeIeve\ CI I IC Ill I-i ivo I . I H ICv Jlw I tokiel. Iltiic) dc.iii1 of mliifit\'v
forces, there Is J iUIIdcnVYI to isoii alv"sis withl eedifiblitv ari lieit

any ~ ~ ~ ~ ~ ~ ~~mn f h lgc\rI"oii'' ion'" d h!"' i o Tht, 4 otff ,o i. the
WtaehiaIve ll]a analys11Nt C.11 *prove tilt nios ý,)ttliigeotrs thew~s. But hie is

iiol I11w major. lhre~tl- sucRh :11-C rt 'ii' sh~iect tO rehuittal Ilk C0tiialliV

dclver iifliolii.'tsý 4 l;ie el thr1-ilt lies not ;0 ii1iicli ill deIiheraic deceit as
doeý !n cur own impeflecitions.-- ina ci veten owiission tit iirporiin;ti

I Ill- the vraim idin of eni onicollis kill\ c.o all Ilimispeetcd ,hn1iicvI

ýSuhillC~ciotis dlesifes to Siihtmtafit i;ie n- f1Tie'ýh iO1i ll\ oimittd 1.oýtlil~l.

It is es 1o C'X:nIie'a'k1tC theC deCree, of' u;sistaiicc tliah aiilk w%; can-y oller to II
fn lic\nn~r I 'silizvlecgnin.npecs oli1e iitt, 40i loe

miials of ciieiiiý of coiijlIpetitiir il~tei~t. gleanedICL either' flreiiii SlItC~iiliSt or t imi tile

polcvnimAkr hitiiislf. a studyý CaInI 101sCs1 tilt iI~iiiphetiit0s' ot ehoommni ()ic aite~r-
ln,,iivc ver othu ilniishw hel p the( dccisioniniakcr In ki. hi Titmor decision

Ithaii woihi olt1Ilvlci wise leiiadC. Mit thle IMan Who l~t has IV!ul) 11' 11oii I iitV misWt

niiteifiic~t ýtilil t~i'iiiit' [ici theliht of his own nosed lis.anldI

estimates. And the' deCisionI heCCO1eS tii own .

mIieiit. tile Liii'tll imipliliatitin of costs ox-eltilntcim iiii~,i 'c litic iior i a itaii,

:a1ld fii fri'dilmn (it' 'Ict itt :ixivalnic to thc cl tcili'. ficsc c;ItI hc coipl ,;i~iiteil

for o inii coi Xteilt li he Ow piicyiniiifc i lol enaiiple., liviiiftl1ii iiit

ileei niii; ti) fsii!pkioI L-iiiilmiwiitii it f'iiiit e Ve lrcii Suichi tii~tpoicilleit,;

11icaii IhI-ighe costs t pi4:LeLce fil le hi'dnil't 111 Whichd more inonce will bie sfieiit

i' latter timel u' i ioifs t'iilicai.101 i On f skk:ICI :111i ant tVCIlopiimiC t 12lb 1 i lt ] t le

t~netc 101o foCilj ifn liiii 1iutititili fiowCs'-ni Advising such aLict i-w wliti Ii

theV nil'lfli o N t.i h H nolt2 of' :nay is id the, knowledge diiki.t flic ;iii

PwIlosbe cart wtiJ tile Whc fIisie'.
I hi.' ci 'Mx fnill]ns tie (l~i~'of rei'i;Iie liic sytit;'usis

t~n it 1's nil- n10i i f I. sv te' t vi W 'plke-.aim~ial~ i 1 kLe 1, th. Ill 'hise ifcso.iis'i , i' t-

lhitli wiiItt ;t~lice or iiiittitthi'nl Wy "111 weofitith wli'i a -101jii iii

de'iif nI LcfaalitttatilVC thl:Ph it lwv lit,' ;I "Ilicc lef x'ndid~tY tn jit'tifh It' 1 C

iiia1I ii LibetIhJc udi'k C its iVOi'.Cd. Bu Ctlbet OIii al v'Ji' anld ciali'ef idilintie il

iýVL,!ejiitit[ wii nut itive atnludvis of Iliilit~ilV qUCetiilos iifteii fkill" sl ot i

tieiigscintiicnesanift tectie oiahctin;oidihiarily c~imiintf o edii

the Iil"lN ofit'i ut ilit:1imv problinis tinci's tile ynlksiiitioiiii-ti o Iittuitilintm for cIifia!Ilc
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kijowlecige. 116t, mn Cfatrast to othert aids to decisioniiuiaking, it extracts every..
thing possible fromn scienitific methods, and its virti.ews are thc virltues of those
methods, JFutrtIerm ore', its limnitations are shared- byv its alternatives, And if wec

exclude intuitive or -unbuttoned" ju~dgmelnt, then in a sense these alter-natives
art. also analysis, but less systemiatic aud quantitative.

One alternative way to haindle a 'rbblen is to turn it over IO n -i xn er'1
cosidered opintion canl he very helpful if it results. f romi a reasonable anid

irmpartial examination of the facts, with due alovnefor uncerta intv. and if
ii. itade c.xplicit: For if it is explicit, others cmn use his inomton to or

their own considered opiniion. But an expert isl~even miore valuiable if his knowl-I
edge atid opinions can be used. in association~with other experts- 'I lie anal~tic
approach, with its niodels and galiies, is essentially a devicc foi- provmidng a

framiework for the Systematic. exploitation, of expcr~s. X
Another alternative way tid: handle a. problem IS to turn it over to a commilittee.

Now although there is no real reason why a eon imittce should not eng-age, inI
systematic analysis, this i, niot likely to happen. Commnittcs dsually accept the.

problem as defined in advance. Given a-problem, however, t'he very first thingI
that shoLuld he done is to deef in is-fnyohatheprber

just Study how to make it go away. Committees arc much less likely than
expecrts to make their Yeasoisning explicit sinee their lindings, arc usually obtained
by bargaining A group, more oft'n. thanIl not, stme o ~lC01StiSL for 'n

ii-ceptahie compromise and fnr 1n1miin'ity III place oif oripinality, precision,

and efficienc'y.
Answers ohtaifined t roiin experts or fromt a Committee depend Liirgely onil

theshe judgmecnts-- and imipossible 16 obtain one- in somicewicas idl'hough techi-

nliques exist If-or jwst .-'ich a purpose2.
What can we say about the future oif systems analysis and operations ;escaichi

in dofense and national securj~ly problems?
Resistance by the m1liftary to its use in broad problems of strategy is graduallHV.

breaking down. With regard to Systernaltie, Lquantitativc aNlalvsisý in genieral, file
itr smanl eV0111tionary flux, like indudstry ;in the fithros.; ot it ant ni.;t~oi.

M ilitary phaniiiiig an id strategyx hias tilways iivOl ved mnore irt thanl se icecl; what

is. happening is that. the art jormi is chlanging f roni anl ad ho( , sc12t-(.fthe-.:pa lits
approach based'on inil itionniltni one ba istd jrit q Itpi'nitia ;%, analysjis. I hie miitihary

7-itself hats changed. fIn the ohlt Air Fo'rce'ýa,T. al 'lea 1 w, or fixed aircraft'that flew.

Today tlli 'ratio of staff toil fliers is muincisi nSg to tIe polint wvler'' iOiw F,1'ce
appears to be turning coinp ltehy into sta m41 irid SL~ppI)U t lu-isoliiiil. Withl thuis

Clisilge2 the Coiijite is lrcrnnung h1cidcts.1iigl y oit 'i-icaninumti,

a pioccss conti nier, a set vioc tl 0Lnblc sho(.!.ing technllician , a comle01x irilormna-

SFor, example, the w''irtechlniqule e-xp ;, ajed in tihapt-i 8

.4I
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tor-.l pi(c'cs-i;or, -'nd as a deriv.olu aid. kud 1110 colupite'Jl vlit) 1more lihal a tool
to expedite analysis~ even lin narrowy military conttexts coisiLgerinttons not suh-icct
110 rigorous, quantitative compuitter-based analysis arc a 1w nys preseiL Big deci-

sions cannot be the automatic c ilseepiene o a1 cipi erPLW [p~gcilgr , "If c:Oat
etfeetiveness analysis. operoitions research, or any apqplicali6iin ol mathem-atical
models. or of systems -intlys~is.

Vor broad studies, involving force posture ainL em ilpo(sitlio or the sty aregiy
to achieve foreign policy objectivics, intuitive, subjective, even vtd hoe study

shebeies xvll co;ritinue to bec used --bit! supplemented )o anl inerevai~ing extOent by
systematic quantitative analysis. Anti ais ingredients of thius anl~~in reeogni -

tLIOfthe 1steed for1 jUdguien1C1t, a greater 11si of "-ieiariX'is, minigad tech-
niques for flthe- o"lml, vnet of, expcerts can he expee:ten'.ý

I'he'sc essays ha1Ve tried to demonstrate the- iwcessity~ of abstracfliou anid show
its na~ture in dcalirf1 with :,ny comnple~x problem o[ the re-al world; to,-expl~ain, inl

thife flanu" e wh ich epa modl.o aitioueflsinl have thenp to~i shaow iiiy ex -llls

sihpe u;Jlanguage whatca expiciodel of proean h, despithen toi inbiow t, by xnpes
realistic in all details. 'I'he alterniative. nictiodIs toý :mnwe~r question~s of tlecist0io

without, expflicit. analysis also necessarily inVO[ lvemdelS. However, fihe Models
involved there, hecause theiy are iii plie :ii, are, morcikem~ely to he dange-l i sy
inadequate.

I hie a1nalytI ic elhod, inl conitrast to its aitcrnsltivcs, provides its ansWers bA
-processes that aa e repro-,d ,icihle-, c, ea l to ciirc 1 ox'~limi atmadrdIly

1-1n0fncoe iv, ucew itif,onat nLO na Avl'~. ~i s 1w, bizi [pointedi out, how--

ever,. more 'is invlvedU( Ih:' 'ieCOIIlctioni of hintmmiii i' a-d ;Its ni:in ipulationl
in miathprn ,tic';it models. hut, wit larcvcr ?apl'' i , jml aski.i t,i:`h

Of ( lie c~pnu)IpnttiOiis and relatif~g them to 1hle ninny nonqiun utifial (e factors are
all -part 01 the anallytic process,;.'Theste steps may pr1"'ov More helpfuil in decisio n-
maN auilg 1141n thousands of machine cnmputations or :i thorough k iiiwledi2 oi

sophistic! ited mathecniatical techniques
At thu viry lea-st, systoins~artailysis cau provide a way to choose the nuunwrCal

quanititi? ch faited to a weanl) 61 system So that they :ielog uallv rmselt~t

toic~.y ollow froin sets oll Wht erl nosuen astipmla.i,

that experitence will euntirm.1

It isorhope thlat this hi rnkhas ac hiev ed the R' dloin uwI ig mos

Frtthat it has cl at IIa ovol mle attitude. towad iti thei as of sysuleus

ann; vs is as an aiJ 011 d1ccisinmnhti ng. 1in pi Ft iCril - we wou' Id like If tO

. .ersude dlot of peopld includinig a good niii ly iiaypa~" -
c omm na ndcIersq. that it. is aniropriatc and Lr[Seto-l ito opjlah nii~tr

JI



~~ Itli IS HI Ii t0ti Col (I ip I oni If It Ir Ii ti l;\ il f wcif arci i

-III ciiia ciciittx1 call on011 itib ctfti tikn

'11 id c %jh unni ititfiitps ho !ceLI thait it callt solvc Ilonc.

I lie it L aII II ftlcntt' 0 O lk t hotj 11;1,:i tax CII thatI \Olt-o itl0dit 111i ttt jlding, which s

S itV kW IINitM Ilf tyi hm hth r tiew lok in ~iii i~k A: cI` P crat tC11ilt.

1ii% ~t ItI (:P~ lc lc ii au t;,11 tt tiyic ,m ltjtae i.l Vvii.rti~ 110t cf c. r

api w;iKra , atid 1 tic \Qt i ( an hell)~ utiid tN o ticlicyc011 tIIt \I;lIt t 0 11 O[llet k Ittit rcti

ptdlrthIt.;noIt:1,,wo Ilmra 'IC,'(: 10o tiitn ilt'1ilI tooro.tjI flc iont, fciowcver,

I hat to sol vo -aces ittt I td h c Iirohjllcn oi1' (h1is tia1/a rdots. \% m it I it i,- t) c .. ,ýi.I.* V
to t ,,e aIll Iftc avotiahttt'ie iirc of, tc cricicc. of, jitd"Ini)Cltf oii in~ltitliti aitI

ELLliti I(Cii'11f\llIt O

iit

it t



I lie' SiiitijCt ofj theC MuluiS de'ei ihed I pt ii \ iSll COflSidlJUilhiL

contrast to thlose of I he other iechilro,. Ill [tihe 11111:1sc Ip)-n'roieino -ti ho~0 "r, I
experiment IIIL obSerI 11111' owlelmoei~n ttn n i~itshtiL0

'InalNSiS Coo1 he LuSed, it ever, to kittel-1mm1om aimj opilmimmm l ~Iv to pot aýI bee om

th~iniki m, bout a lun1ar bVise, deterimnii\liei soolel o!t thte 11iohlc~lni, hC_ ,iiiit

'11 1ic~li omiplex Irbe hedcebt i nthmletii'le1

\Ve 110[) that theU exarmple ]Ii \ppeiOtis It k 11101c tVpIieI1 oII the xs. i

:mmm0vis on inl the pastt than1 O otulot to he donec ill the fitiiic,I
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A N I NT R0 .)U CT 10N

TOTHE LUNf-TARP [ BA SE P R,0RL E M

F_. W. PAXSON

ilutaeliath c ty v of cnsider tiic 1wehich wouf hav toi aO intal :ise efi

analytical treatmlent oif such a problem.

A. 1. BASES ON Ti4l-; MON10 ---PR0 AND COIN

" Lunar hase" in this account means ;I mlainned base,. WAc shall 1ot arllgue theI
question of whethcr or not man should ht- In sliaee. 'rho fundameiital ph ito.
sopliical argument is that the hasic biological mature of man will fo-rce hfim Iii
suLch) exploration. A valrianit on a vol Kiirnair definition is also to the point. In
com ,parisonF with nmachines, mo-m is a highly !iexihie servomechanism imile
vchapl 'Y and yuckldy by an, uisikiliedi hut entIbtsialsri( lahor forcv.

The proponcnits of uiiliiary op''c-ations on [lhe moon arptzic thait uhit
reropulajssInfle ha-ves sited therq would '.litri ukthe tfi cemy's io! Lit ~S~t
clearly in qpace anid also p ill ~n ,itil"-,'etd t&ii.~a

would spend somue thirty hou rs in tranosit tint woi i d he rcadily dot'ctdu onsc-
quently, ýimt ilt~hncity of terrestrial antit mina r attack au)J 1 f~ee 24puist. Would

hoydifiiculit.; 11i.$ is at det00tec ag n et. It is also! argue~d that
misle oidib laLunched roadlilV fr'oml the moon un'der MI-SiXthl earth gi avity

midl be guidic~c 1:0 targets on earlb in tIc event ot war. Also.p sritb .tl

earth would 1 ri ICF -C r, er cn -1iru ous-, (!jW votion wih 'a re~solutilonol 5t to 100l leet
The opponenils of military ha.ics ma i the nit on corisidei it rim trui to take I!t Iscle,

all th~j way to the nmoon simply in ordei- to shoot thcin hac k. They also argue
that 4far Ie~c~ highly dispcu sel systemt of haridened bases could he set uIP

Oil ait~ earthl.

ScI~iag si,,de qi ecstioris )f 112rlitaiiv yaituc, eIe',ýarch sIietuutit consaler the
fio~on,:Ian excellent lamo, ;iloiy. I., w 'ia''iy '''' ant1 'ack (it am W,1iiolnlcL

4rc usblally uLt 1017th' 'Is the prim-ary values. Presumiably, cxperimeirtai work

d'loie 6n thec moon would . jvirat,ý not o-nly -.Pace tiehiology hut dcveiop~menis
iin mailly aspects of earth technology. "tere again. opponents hoelieve that all

332
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thCSCý adIVantage1-s co.uld be achieved at a much lower loial cost by placing
Ilaoratories in space. stionlins orhitinf' One efarth.

* Economrically. no one considers the extraction and processing of mnaterials
cml the moon for shipihnmt to earth .a paying proposition. H owever. the mnoon

would scivv as ani excellent commIIUnications relay point and as 'a metcor)ologicalI

-ob,..rvarion post. Tourism is rcmlotcly! possible, though expensive. The economic
ar~gumenCItS are also COUIite'rud by the orb iting SpaIce Stationl prupu)s3l

* A final persuasive proposition is the notion that colonims onl Ilw hemoon are.
essentiai for hittifre space exploration. Ini a cotony, as diStinlguished fromII aIIIC

extractioni of' materials, jproduIC~iOn Of fuelI and power, and fabrication of Objects

clearl y the cheapest wAuy to get men onl the nmoon. Of course, arguiing for smace
explorat liou Mid justifying colonies onl the inoon oil ihis basis replaces the
" Iunnar bases" ill the preced inga discussion with"lantm liases".'Y

For our purimosos, it is" not necessary to &ike 'Jus t ]1cas Much ore

appropHia ic 1)0 pcOi Int a pallor ;m:ilYsis olf the entire prohloill This is niot only

chealp huLt, inl itSý own rightt, supplIIies inlfonat_)7.I.0n Of ma11jor aieC hearin~g On
dCiccisiori abhoitt Itn rar bases.

thannn 1m i aniitalvs,.s will be performued, one common fLit 'leapopriate
'*or ;, systcews Imodel can bie abstracted from the military, scienitific, oti'onumric.
anid colonialI argirisahoeinvryae the probleml is to achieve useful

produICtiVe rintan mach inc outpuit hiolirs on the Imnocom o)ver pnd qhov/e the ef.fort
required fum housekeeping. Ini tire military ease t11s Clearly miteav ris meeiuaias-
Sau~ce flute aJldJlit iaslC aleuIt IilleC ill 1diC SLCietitiL ZeeL, YeCNCUCnelm Imous. '['lie

imiterl~rtaiioni: L .'-m I!...- .i i

a nlc everyv systeulls aiialysis m iisit have a. prelimiinary cen. crion, we offer thie
following forituiluttiori: For (flu' givven lotel sum of iotitvy lo he exc'it'ded over

(I i~iv(l '/umbuiht'r of ycurs. what 11tc'thod of .vtifiitg, lip". Imaillmiulili, and1( o/hýtratmflp

(I Inumur bl'ow' fly"ui.eit~ totai uvelul mutPutr

A.2. o Nl . -1!IE-I;"N!5 01; .RJM( R<1'1 I IN itN(ttiY

Fo ai ll eml~igute a1"c0unin101 ilndex ut per for mmlcc is tlil pc ;il 1 conl-

sumIHptl4rm Thits is ''the pou~nds of fictl pur hour euFnLuMuCuL per 1)1111iiriu of tlmist

,ichice ', LI I, is tatelliCitt viewed is Irito nb tudusd lsm n

rustutod aiý "ptmn it' o thrust itleviM d puerIC pUnmi of fuel cottitmed. per hoir''.

i1f we 'lm Itrute tinI LIllISiur-1 poundI(s of .1116 ICmuStiiitCd per :ieCOru' aI alo0ne

appropri Ire FIti01 ;ietpuidly 'iili'SLUii e-u*ir, W.- Uiii L11w1 WII cl ii

.u~lteIt should bec note~d thi~tt dinwtnsionmtlf-' diu. ''Imotilds it IIIel coma lirmwl

cancel the ''poit nds" inl thrust whiueyed. clndu!&'direnesionally, specific ii upa se

is expressedt iii sucuttis. For example, a speeifice imipulse od 10.0 sic ;i:, read in

comiplete fortmi as 300) lb of' dlthrus for ac tA pjuuiJki (if fulC per: second burned utt

the recar enid.
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Wi Ih thIIis irWeteprpieta IoA if is NCleat' dIaII Il alI oII0.1g)It SpeCCie I rrus is ilkt !I) IISCi HCXtI.UCL

in seconik ii Iras rion ing to d0o W11i htl burni 11111iC. 'I he laltter Will h1C LOCte ICte11d
by the toAdl MOMnoufi of' i arri"d anti hill rrd. 11, An CMUMNire WE MC~ PM'.' nhg

500 111 of' fulC per second andl :ire workiiut'. With a spec~ific' in pljISe 0o' .100 .~,'C

we arc. getfing I 5(1 P0tt)1lb of thrust at e-very inlstanft du01iirg tile hut nlihe tu11C.

If A0 toils of fuel aire carried. [his hur ling utitle i.- ttwo rioiniris. No-w tile rrnt~s

r'irs irecre~isiirg rocket mass limes, ltie aeee tr r viit'it111 dttir'irii. htirrriig

is equal to thle constant thrU'ir of 150 000 11) L 'or SCjLI~lrt utl the aeCCCieraithot OF
the rotkike is not1 constarit hut Is, ini tct. iriicr Lasig rt1 i he eltcity the rocket

acut\'(~; r~burot-1.1 ;.1 prl 0ptr1i0 60M o1 this l.O~lls~i if( isratanianois irs at

so) is p'J' opo!I'towl! to, 11w K''ln'impulse: It itl oft Iripeher ttefii'enie eounid 11c

Used, ýO 11 t 11t t ICCIre spete rrhns eetu (ti Llee insteald of 3r)iiOw with
CVr'V't~liHZrrg (+,0 11he 1`1ir1n01. hiriiits'i1eV \kotild hl 01rCethird hlielte'II. It 'is fori

ihiný reason thalt ipeetfic it Isci'; ,L!Cll '_; k~x'fl'i ier~iiirk'swinrdist 1'oisiii

Nihe' is :iittlrr 'carsori \\'It 'peeilc' impuilse is :n1e ilnde\. If we fix thle
LIJlL'~iIL vul~et) ay A e !UCirre NW iei !hn imply timc~ il~'te ,pccilie imipuLe.'

weC Caul decreAse t tre!pCW'eeWtC of gro'S WeiLght VVh~hI0:rst1, lhe taricd en asI rCi

andrt Ileirce. in;' ll'Cci't lon\ve't htighitr sinl,;dI'li"ICI'cl~riOiri' ilitlisfiatCe ill 1Fig. A.I1.

At (hL Am w~' nirteT'enp re r'ilhpse 15 m~: rhea' i~ll: dwhlt hc N iues

plhr otbly ii' tarew thwn 30(0 see. ( inirseirri I. ret rdilig tot I: ir. A. I withl

lot '' ,

Fig. ~ ~ ~ ~ ~ i A. I'll'- o+cnco ro c
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lIleslCI I Iei i. OA , lL 11i0 i 11 N(1) ir li~l~ l Of1 tile 'I .', I'4L ýNcA) I" ill I hc. 1
0l11110inLtnamiii limit l)i M)Ceiite jIII14LIkC MIr Cheiiii,:dI'w u-h -1(W ~ii
Wil Lt* ~j~e -u un'e lit ills' t1hj-,, othir p~opuki on Wv-' IN'

tic conslilcied. A iiiijier Sy'Sicll could1_ IgVC ',.pe1i itiLlipllA.4so ill tle rImue of
301ll 1500( s(:( mill HIi 'lie I tituc ion, ck; Wetn 10"'V iY 11"W",5 p~rici

mwý,rio; 1jL~crc;jd~1  powcrplm;ii~. so <-plirio e frot-iioi oif a il-l-nIw :itl p-'r

pound lit (iiltoiiikilmo 4>511. ll). this 1. lsbtt Cclarly latr iii [1h0 iljtkiii . AtI
preset, (1 or '!) 1102cP fot pu-i lii ,witnodnieeu. 11 lti

Hthe precc-dilig dislLissi10i klttý Il IIilHitIrx With 1'. Ine-4~l~ fo. ett

itkerck !t(e lowei tiavgi- ',LtlIi-.i ltteiateIll 15t jiiili

Iid 4L' NClgXtcti SIsi ;111 lier\L inert CM SIIC Of AOMII 4 . !0 .-. ,t. ...,.h.

!ncsal ril l c oalltiol t. ol I% rac '1,IeC i tt11\, CccilihillILIlS stali.itl \% hl V1C1 L(iIMIC1

QUat tile CMllill[C ililidlc tM iIiiAl bie: cvtlis~illed3 collComiltatily w icS hilel. 111
thiii is. hut t fti, 114 Alý Lill t' ii 0I t he 111 :[lil t' ( t11 4 (liet( iI, Wh i et'10 w

pIldicltes iio\i Ilic ,iiu' t) fol ;kys gut~l 1t ItaLe Off tO tiilivl p.ll \'t'

4IL~idSL' hiS li' 1. illih li al 0 1W C'.tiues 110c1a11S 111"(iiie lplse i i 1

'-;y C la ir s et 'l. 1 1

1604

/',uoidi~ to -Ill s kiii' I1h ;l- [he a e u c Iol ll tilk: rtLluil [r, ili lital cinia
1 .

(at ~ ~ ~ 1, ina the Sic Ii, it1i lL' l 1.41.acc-d . tl-lI' S81.

!llilt li th v CI lIP, I i d ii II c4,4 i , w I i .4 44'**4 -4. I,4ull

IllI



I S ilg StIronlgei huit It i- I lter stilltici II s, powrerpliii it, andI fuLe l tank-. '[I I s tIIL Iol beI
"e~Jiv:ideut to an increae inl specifi ipul _I o )fioy It) pier cent, fro 300 1
330 sec. Inl sLUnonary;. it is perfectly cleair that mai .jor R aind Di effort Should ibC

devoted to imlproving efficieneCY by obtaininfg greCaterf SPeCitic' III)IlSes..

A. 3. \'AIIOUS SYS I EN1S

VI1 ilt: Z0)LV icaov iierkid as ai i-mckigicgid, let us11% now consuter somie of tileU
posilie- Vays o~ e'cldp vChicefi syst en is for setijng up ainl t1iping. and

operdi ing I nr acs. '[eii si lossibil ity en itsge vehicle that take.; oilf froml

tile earth, lands onl the moon, takes off auain from tile nioon, and. Feturils.

palVloaid to tileerh
B~reaking~ this sy Istem down into its parts, suippose first tha~t We wishedI toi !eL

One poundL Of' paviunil. fr-oml theC earjth t~o hex Iloon. We* Can Ilse at olil--stage

rocket. vho1e luat sta-ge isii rierograde or hralkirq to permit I s)olt land ing onl theý
moonl. We e-stablishlirilSt. [Ie vlc()ity iirti)IHINil Wlli(-h most "?e av1iaihiic, at tile
earth's surface for thisi initial half of tile mission. 'T h,41- , polent''" ;s~

expressed ats if it were 'Lit total burnout velocity Whiefh mIus1 lhe ac hievedl.

HONwiQVCr, becauLse Of the retrograde ort'h111 s111ge, I his Will nIot be thle ease--
henlke thei phralse -vuloeilIy poten toil''. Thu 10110WIowg tablei Shl)W s Oti~glli tile

Vai;oLIS veluCitiCS I'CLjLi:ll , i0(tIIlt'i Io Vyield the velocity poticitiol.

Second kiSl

1 - 10 I iFttavitl rotation ttgxecieist'.ayrd)

+ 3, iraviy loY14sses
* 5001 Atinosplii-ie drao, lossus

+}- 8 mm)1 I )eeelIIiltioni'i or lulioi'i minivctl

-48000tt (veloc~ity potcliti:1l) . .

X'o"Ildl illlicVi' falling tt'imii a veriy Tenoic~ ilistalilee to 1.1e earth ; s~iri~l'70 tiidet'

tile cincasitlig gravitational field of I Ile eLifl il. Ill elfeet, [ibis fall bustii ht. reveýrsedl.
Net-T J, iFwe II(-elre fai..lt-e, depllelilig ('11 tile laitilWe gain) -'oi..hiiif like

I (it )/'~e I'$I 15'1 tile cath us iot,ýlioll at theC lounc . s1 itc. I lring ilep 0 limec

(ii hirii-nim we iilflZt tee clcratc the- %veiobth of the rucliet iigamllt the at'
* *gi vtit 6 maioni field, mid wec lmlist also make til dueturillnt this blot hlig lW11I on

for thle drag of thle eajrth'ls atlimoslhcre. (,)I,( of hsefs two velocity I eqo ireL

*~mcilts will inicrease att tile expene of Itice other, depellding od thi' mnglc of'*

:1 passage through the a~tIinoSpliero But the totail is I~ -e l In heaoit401Ise.*

- rall, the r-cti'ogtade ]FOUrth-s'.1ng le iilncl is, 8000) Jt/ sec,
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escape velcity h[ouit Owc ool ' I'l. okot A'i ll thils vciot i tv
rquticotenz. tile gross W.v.i gllt at t~t h-olt oIPl 1)o)t md of' payload delivered soft onl

thec moon isý a>mlut 1000 lt, if- the ipc,'if imunkti' is 3100 C

'[he seconld half I of the mlissiona require,; uts to ,C't ec'Jh SoCI I)OI puid Of pay'0lod

balck to thc ept-th. Tbis mecans thatt aI threcc st'tue rocket mlade till of what Wits..
A" Jet ram the retrog'rade fourth stauL. 'n''u flit- 'nop Willi 411C lb! of
a; IVO;II Ile too' ho x'icity polcritiat. 1W Utird v. about 18000 ft/see; oif wllh 2
00M7 Is lo onar, escape Velocit~y thle remarinindr I; , ic;1-d frl

near-C,11h% esap vloCity 10 a satellite vlcity1 Which woufld allowV for an
atinlosp'itcric h;;lkjim- tupon return to the earth, l'leic will lie. 01 course', aldw-

~i~jI~t~ .1i1Citd~~j~j~f m~;criii;.At he oona Ohe iro.,: wecight
ait. ta~ke-oil, petr pounld of pa10load, Will he abou0tt II b11. IHerffOre, to t rotttvn
onle lb to caliti) it I III ill have to bec takeni ito 11he 110o1. (01Consequently it is thec

piodu-t o wiVt'-lifh at caill tibgross weigh at moon wit ci cIves tile totati
pross \\eigtlt t-,iiiitcd bor thle I-11 lbihisson11 his III' k i (11 t lb. H thle jlitus'ool Ill
to deliver one loll lo, the rnoofl and4- thenl I cmi~l 11 it1 to earth 1 plat1ISHibi payI~lad

eoinsisfiini' of aI sd!Crew andl the CClgýIiC:1 CyttIlantilt neeCded to SUItiVive HIt

spa~c-11 e'5cit I AP Of 11(1111 fii ll' Lali \Vottljll !)0 11 ()00t tol)JS. Ithis
IS atfo hn~ul~tie~ vchicle.

Let u1s n Iow sti I lsc, fl.: ite],1c is ;ts'aliltblc mlt the 111041in, that tt '1101 Itt;dljtte We
itill cllitvi d.l. IIlp 1 lot a till iC~ C~at Ott k-hScVe rt silmeW tFtie"io1 a

onle toil fwlo;idoai i;I it rltut rip'l -- tite grossi' we~ight at Cittlt-l IU1ittnh ý\ OUld~ ItW
onilly 2000 1) ta .. h1';; sa iiit wihlusr-~:lb, [!-t ill mialIng :1 %;ystm;I(ls ;Itti'hs'Js of

1.u1:11it bSeS, t't1;ilo~i collSidtletatii titlist he givenl 1" triinspoltilg tttN1!a\ivv t andI-
h)Voccss;Ittg d~ll ipiillcii lto t1Ile nit fot h'i fi ptloutietitn thlere,

111iiNit fill)c tilte 1tt 001t dependsk very elitiiiea1lls %Tt 'eocii\' POi~ntl1.iJ 01;

illutstratit below.

Burnout Velo~city I ft/sect Ir 1:eati I il wi (days)

41 (OoO .
- . ' 42 0t00 1.0 -

'Ihese wilt N bem (It laildirtgsvl IIILwnoon, PCh app oiipto i;i:f, fo(r Certaiti1 Creifý
rockeýts. Hort~tilte pointtofic.v (fi ieiinmot! spaieocratft. thle longler thle trnitlm
li bIt the 't 111c th rt'ituiretIcl cit [()I CA lic i C(l.iiif1tOIcl t :i1l perihap,: thll
greatter the tAioomtr~ io rah"Iatoim 1I ttilietW-iC I1ie7:IrdS. T11 klower1 betaL.

tinc lowever-, mmpliesý i;) iitei ewe itl xcg'fl W Itgit toachiicvc the hitgher bttrti-

outt veloi~ty. 'IIli, is al tritle-Otff hlieblus MUN buC1illt itllO thle aayi

ithU abv CdCaleulat oh t a lte o only t-OM-1li !it also do0 not tell thle whole
Story. '.0oisio 2r, !'O tI lXtit [iic, 111C pwiduihit of the ;Piicc adtillist who wants to
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liii the vis~ime [acec' the anikonl xit!L -ýockc from thell- crt h. Strinugenit acurt-irc v
reqlu irem nents are- placed onl him, i. ffiImum err not moore i han -t0 fv we one way'
or the- other in SpeedUL and. no more than onle-fourthIl domeiwe in ll Iolc It Oi(ft

thait fur ther alluevancus MUiSt In- niade in fuel carried, andý !-.2a.c il gross wceight.
to perinit vernier cWTrrCtiouS ill the vicinity of the mloon. it w:Il be reimemnbered3
that the Hi seian Weeht raisse! tlie molon bv aoumt 300( in Ti hrea, flonee I V

issed 1wy 3.1 01 ) mui.
Aspro;mysr- a mci-p demaiecu imni~uI i:iin ofl'nmc o th e W n'O em-thn-nyon

fiimee system w vill he given. Butt, there are con i pctiiing possibil it ici which cleharly
Must Ie: considerd as part of a total wm1i Ivis ( )n si Climb sxti0 es upl lit
earth ,s2telliteý plitMr uni~ wh ~tich v: hwe.' :,' 3 3% 13 !i
which accepts thesek. vehwices on relurn. Fi g-urt A.2 illrsimates such a svsie~n.
Analysis of this syvsteii will he utillpinhiic(iel siince ;1i'0 lull tudy of muwIu~liod~ of,

settig op ni t:'uicihgý-out pat S pi;it" ousa vao W, s1tein dclaru' mu11te

~10

/~ oi

"/11 /7i 10 01-1

A 1- th rk 1";i il of W M I A -~lW 1M l ý((11 1 l 1 l

."'lght ave a Sp:L~j'.cinltk 1'Vl 13tii stunt t113,311 M r 1111 00 Il

Of course, the sycontimcharges iii this case will he great. The red Mamvan.i w.il
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ItI In IIi [ Nhasrs.U o I INIv (it thIIis reason.II, ch ciiIendml. l n rvalo xs pta o

'I a parameter ofi d"he StLudV 1uLst he permIlittedI to t-ae oi lae I;R! &Inu12h V.itICS

to demtonst rate the pos!ýihkc ecolnomic gains in su ch aI tug ystem.
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F~igure A. 3 initiiites a flow char hril to of a tiodelli or the ,r,,rto-t)

noon-and-back direct flighl -systemi of realizing ]Lonar...bases. SIChI flow charts
are nothing hut svsttelilatic means, of Inr~sc ili ng, in veci al te'ris the variOLIS
facltors in an analvSis..together with their connections, depenidences and s-pinle

Of their ilitC.%ietions. 1h see<_)Ild part Of thle How C1at i.A.s~s' hn

Y[t r I' III

j__ __;~.

.1 -1 AA '

Of tile faCtor-S for terrestrial eveiils 1I tile uppeIjr l(ft lIn col Iler h i.A.4

.we find the total timei hiterval Undler '~ ieaji.I his shou1-ld he iipýk I~tr

(Twenty-live Years is Chosen !)(dy as" anl eVIample.) 'I lie SeCOnd fuil.anlIental

p alalnuci of the. i;I'i is th1C total hbudgetL to he niade aivailable for any suchl
total toll. nerilod. Thli" Idea of totaldbtld(tgQI s, inmportanlt inl dynamic Systems

analyses Of- posture planning over time. We miay ''well fint1 ma.,jor gan fwe
have CCud 00 mio.tedtrIitioil ()f 0 hud2et ,trcami adduiupea

by-year to a t~t.Z1I htidu"et, aý (iipposl.'l: to Uxperl1litilluetidi pll(iti JIi~iC 'I&I5injt

detecrnliiiin'' hJow. TIC11till bui e spent 1 r-yvc-ir. ()I cmwrc. coiitraiiils o)tilie]

tlpii oliti,:oJ o ic' Ari e ct the poissIllC -Xpe:tlttlirCS p1el y\ I- 'I here aite hinis

on acceleratimi i I(lul R nI) becauIse 01-pe1SWulnld aiid fcit~liiics, ilildilC'.eimilpeljg

It:jiiiOWi or lit ii. 1Fqiiall',, liecaiik of 111'1-17101i1oi';ell Illlle;, there ale

on ii i alIIllut!i CM)~dLi' or c)IOd Ltic l in 1k T I rt*ill pi I 1 i ~i"
thut the analysis proposes to stiudy various allocatioins of thme Iotai bmdget year-

by-year. and the divt'151ln bctwcutj _R ii t I) mnd lirodlietiori for veulh year.

J i
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A im- prod ucti~n riI o vwill hte spent not oiily c.I fabhricaLtionl of mannedand Car~qm rockcts at various rtsand o( VdriOUS cVCI CFationa I l~t MIn ot al'O tmedfivterte' to mee;,,t major charges for supp~ort and operatiom onm ctin
aflýcn trd uld for Cequipri Ien that will bv. neededt tin the In1I Id!r bases' All thecs

thfisms eKept in balance and hencec the analytical foiju of tile model willI
spccif'v the prosportionate ýJhiacs of pr-oduiCtion fLUILd that nMUNI be ii iýrred, not
only yeai hy-yL'ir hut at j~he ri~g~ht years in rc Ition to these other aeoE I
is worthe- v'ph si 'ing that the de1Cisions ,ve a' 'ire tLigglitig lici e arc not thedcjiu

made by an execu~tivc at his des~k, Thev arc, rathecr, various allocation possi-bilities which the analyvst sets up and coimpute s Without Prejudice.tTI' I lii' f~itw aecniee lic an-ne riimz factors jin lhc proble1m
and some Of the 2SpCcti Of huldget aJLI'iOcll. nr A.5 slhowvs the operational

AIur

iFig. A.5C isluari

phase of. the model,, which again rcpre6ý ntS Vall ionIS 1possibleI (keCiYMSii- Iadc and
resul ts LoflmputLed hy the anal'St. tie mu1LSt, for exanifile. within thme li~mitations
(if :iv'ilahla,_ vchieles,, available, hLr,cs;, and 5itlijA ii~l m Im. lt&

various lift-off rate!; for the ro!n ned and caiizo rocket!,. Propcr' ail lOWaMLe HII St

he 1)1a1(l( here for abot ts .and attritiion. I hest. no aie are not h kciv to be

'Ihfe maiin prolblem in mi~ssioni plannitii is schcdtllinjg.- itbe rodtA thi a.;- i-niiiit
arriv;e at. too mvoon iti the nghit oi'der band ]inte r1ig Lht 't n

equivalenit to t1lc pm obleni, of'planning J11 iniVasionl. Ships, al'. I l aetid 11- 1cv' Iev

order for COrreer unloading .and. are selme~idui to hit beachic in thL rigJt
sequene.

We can now aSSUme~l that the operaitioal' choices imade in the ijilissiol schedule,
haescceeddin laa IIijorli go~ 111 nieToo .pI A 1 hwsoe

of the balanc or trade offr to be coi~sidercd at the mdoon
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F-ig. A.6 tuna

Ff'irst looik at, the payload ening delivered. [ his pavloai ik divided inlt i til

somltinde MljppiieU.oicg Cti eLliptoent for base build-up1, filel Stocks for I cturn
lissionx. in(ibilel cjtli pilcrit u sed iou exlor C Itin llpowuerpmiat euui UlDilt11 ft

baps CLI iIpft'it, l t O' fill:! 11' )LI(e? 101i. t'0h11i7ihllll~il tl Ilit Cal low','t'tllfiiilt') '

aiidf equ~ilpuilOl ;Ippu-opriatt: It) tile 1lsCfLli 011tllipt lMiYJnOll(f the IbaSe ,x illb
noinle that mio~ile uist ix, rn i;IL 'or- 1Mlutl1CJIeun ;11iti lt'lll~tICTll1'1lf.

CiffcO rOCX 'sWill tlot 1:,4111 t 0ill ( U o i' erth. Upono klelivcrs' of theici p'yiloas,
thle ru'aulfing 'lr'bns oust tPut t) ulse. Ill foie; bcLause" Oif 111e VXleal ()I's o
deiivering it poudif)l to k nloon' oile lmeasure f01 tIleo Ur'mcieucv of the pluinnitg
will hc thle so'c Of ILIl- 411 tu D~OiCs. If thereT is at junk pil, P:'-e!.,- . 1

It fol low-, tha! c irlgo roclket design wiuii u a Ilow .1 or stlbseq ifutfilC us t si c h

'I'l- 111t' rl. ti the lurar heet a tv isle~ 1A);1 h0' (vd-i ;)'I h t I .tiiio!! t it

produittionl ete '' s 1litre miay lie a hi! lice souie hi hv bLt m~i ttolilatic (Ir

ilnaitteludeti CauMIpUnct 'And nuUMIted ciipi ll.littlO nuiv he' pcitriis winit flit'
base opertte"~ iti unattendced.:,Tispoibit nii'. te'coite:i

: -t .pr'iircmuntns for tihe !lunarbase 'Ilu us itC. (11olOF !tuugtll of tOL1 o [- 1) liritirici

is of itiLily tic imlportantce becauise of- thc tetiltlil eyliliht t1a' l ; fot; till pllicuS tilt

audiitonoi igjhts; hotk 10 u~niiif. 'I his isake' a ij~yholtwictl prohitium bet::lli'.e

perso.LluelIC Ciiect~x1"eneS'; 1,11IS Off Wi til !legthl Of 1014r

I' ihcre is a halance hets cen tile dtegree 6i LcologilC sl 'lf-SulTiciellev ailuied for'

and the amoun6.1t Of COIUsu nialeI Suppl)i0le; brough-t in. it ks 'imsilik', for exuli pie,

Itoi tiims hydroponically on. the noon, prOdUCuI-1 Ui diet Of algate alit 1*flit Ci.
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~Ifill I %\I It \'I Ilt1ll I I \

'll.'\llahkbi I IlS dict couldtic1k C1iL .0tl liv ht, l~i1 ~a 1alb llltIfi

11 ono other major baldance o 10b- built int0 Ilite ml±lic! ik rekf C11ionl betweenl

futic produccd on thc woon and. fuel blom~l:lit) 10te11c10011l. In tile Cal go delivcrv

schedulir1g. eX1~iraCtivealild 171ocessillg CeIIifIIII10111 to01 Iul ss ould he a1 iiajor ilpiff.

11he aflla~is 11tLIL 511ilow tile worth oft 'ile! ;I peifatv kinider fIlonti/alft.1.0.

Ihi que'CIISt ionl of hoW llf~lif1 hLIisCS t1IuCi ShoUld he an~d the~ir lOCatioll 0ill 1111'

il~loll k lick showIn illie A.h. Additionla.; hasLes flay well he I0tiQCtLIt Pot only'

for thtý IISd111 of)[ 1pulP ill i~sillf illpl~icdiW. hwiminar oeefp:ft 01 bitt alist) for euplora-

Ctlfllf If hit 1C:611 :11. lct (ilnirl, R till tis m5 11111 her lecessar4 plart of tile total

miodel.

'I.lie total 11WClltIi'ti ltita vtenis shohwl in lie. .4 ()iI it wk,

tiIII f(111(W baiek to tile Caiill the useful oltlpillt Irlmil 1peilatioll of tile Illulll base.

T~his Cilort. Lit exl.Xfilttu.A 1ff aI (ctuLIii .Icngtl iof- tinc anld ifter the threshiold for

SlpIport andi hotlliekeclpitil is exceede1 olt tlie mfoon, w~!I appecar !us LIP ýýOulplt

ilate COtlcliderd v~ilunlti~ hulk :it tilfe Cirtil.

Thius olitflit. nuluolitlily lor itherwi'ui., sholduf not siniilv, lie Lidded up to give

tile-total retill-1l of the Sv''1tclli ill qjj:,ll )I[j. it I. jIllIoliililV WINIt' Il i llt) it to 1

riselili rate Itean he arguelli 11h:t iIs;0iF1eli FClitI. ofl11 Ofe 10011i -1 llieveii in *

the a'ICIr hitilic ;Il te euur \;tl. Iis~l repesIl ts dov di . FaIv2e51 1':SI llle' 1 ,viiV liC

C1011\ li u.;iiit'Loil tlee11tl. (lf[il~Ii1,li" Iclrefilleil effsch. eacrltetilu Valeli C~ whilL

im.) clscIt'l tcfft Il lellievills' lienl ilfill t U~lrliel tullev piliols Mhile tli. state Iof

Owlit' l is still fprililitivi. Inl the Illiliflaly sensew the fi, fll 1-:1io 111:1N lho vifww!f

as a1 Weighftinlg bn'tIoi to be uItiuelelo at piviiil caloidi1:ur dates to hluar base'; toi

*rupieseil I t ieui l LiC,. A I IlilitaIrV Vait!C mally he HIM We COnSbuci unlawicra

DCCLiJlllti~lil Ofi tile Ilil'oillk I)L olc~fs lother than our11SCelvS aS thlrea'tenlingl or, Wei~

flul: simpn ly IC IiIIo iC( lo :111,1 i ,rII,' 1 1`011 C:r ie I atle is N h

'llul1' 5uilulic, ili Lii lly itul ilrC~eit vlitOw iultstlo L IsC eilei Iin the Pý die-C

fIri~rlIei V that tIl: slfo~ltd lie (ltoil withI great C:jLt.1 011,i~ fliti ttiat vufrimiis poss~i-

IMI , l ;IktIIli, teed iIt' l ii ll- diI IlldIC A)IPLfItCt.'

'[lie CofII!oIjliatlt,i of Suou I lllodl t witl he load1 indiit dilbeult liv lhck ot hardh

dIul~ ini ,III hlgI. rffirifbl- of Clfti.co(iictý. 1hit, thuP'kni.:,,s 4I imlalr dwi5 arid1 the

tlr~enai 1..~ eie' i~ hilaF ir '~ 'i' 'lli-pIei :!p2i vlifilsfl ftoiu a lari!I.

IIiIC fllki~innwis NulvI'ltllitI.5, it Is ;liglcdile lat3 ifoiltiirig is lost byv Inlt11iatlg

I,.. afl pe ui03i's. it is qiiieutc feasible to bracke~t Unknown paranmeters iii mianý'

itf
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tases. In tact, In- it', owli light, ~ si a sciv isivik an alý4- thatbi shloldf hc miade

I (11005I 1 1Mi I. l it'I)(], SYSjIOm
2A.1IX 50( ATC B YIlARS H-i ANDt) 0 iRODI)'( TION

;ik-[AN I Si PPI)R I(Pi R AVIONS 01)5511 Ni(AT(IONS i IJQIMPWNT.
-~, l 1w 1, oil.l S(1 I L

ilAl AN(I UIt NAP. St iP( RT -QIýIPMFNT.

St ýIWMOI)II 1. BSI A- I'Ii RN 1I'l '1. PR.1) IA )N751!PPI' VS
l(CiI.0(,P A]. Al OMA I R( X'. AL1I-I-ND) ) FQtiIIMI.NTI.

5 (BON 7 0 MAXISII/I-1 'I'AV I -E 1OITPITT.

101 RIT'RN TO STEP I AND) RI PPAT.

Fig. A.8 Decision paitern

it is alsy asi advantage to do fihe paper- analysis as early ats possibile so as to
uncover the dlominiant major f'actois in the problew. 'This determijnatijon is- of'
va i i in d irectin e and channelling researc h and development work. It is
frequent!ly pos.sible to establish such dominancu even in thle face of maj or
uncertaintics and without thle nceed of a highly detailed and extensive coin-
put ing, progratin. This may well be the caise in thle problemn undc-r diseiissioni

'I lie finlal formin latlion of a model, tor ýIiy of thc possible systems mentio',Inc
to rcidic a lanaýý [a-e, should .1imdoubtudly ho proccdt'd by ontI-Sido(O. or
Robinson CruLsoC ganiiiig. 'Thiis is It papesl' ilalol, a ( ('I C,
designed to !bring out pet haps miiuexl)I('te ieqIiiii"eiui('nls iIIIIlilcI2 liv- cata:Xia lit,

IilaU-0 l Mi innr, ndtheC likC. lThis, inl fact, wou~ld lahc an ciscellciai way to pool
the skills of: the varii)LIS experts-neede I to carry out a study of this nlature :no!
would be the best way to build :1 aode[ witlhsoomc pret(' ast to completeness, is

oipposed to thev preceding flow ctiarts.i
The lunar base analysis intr-oduced in this account is only one pairt of a total

space prograil :lid ananlyi of si',;Ab prwoipnil. A total prouramn 1-I~VL:>-
prli~min. ---' operation oimun;;;A o Uinwo iailt aleX b!":u jno'er
satellites, and perhaips, catISh ucItinig "l ac: ýtatiolis- I hie total pogiam iniIsl Ialsh
invoilve ex tensi ye reseuarch and de~velopmeint ili l 1,tInirNu .Ihafre!S- Su~ch ;i reaS
iiii-lude ci';liirar daita; w~elenological Ilata ;t'oeic and biotech~nica! y

tem i,; prcOcise naVig-alioi, go -idni ice. anld CosnIniunications)I1; exrcypower, and
processingI eqmpipment; v'ehicle design (cowsideriing, sailvape, ad ýlunIIar vet abrica.-

4; ~~ ilim!); hydlrtphimiiis atnd confirol vquipnicat, including coniptiterS and robot,,.
We shou~ld also Io- as ta;r astp-OSsiblc Onl earth With I iilt-s'Ca1 Simul-latiOn "in the
mctal'' of a lunar base to hrlgolt it I sOm of its hu1-man and niechanica I problems.

,:Abuvuc all, rese eb-c and dt'.velopuient ini the area of pro)LilN;401 Systemls to
increlrose specific im -'julc.s e jssentiall:

AE



Appiendix B.

A M.ISSILE COMPARISON

1". 1. PiUlzoe~oiE

011 -Ix lo give 111 aIppIk-latwi oll cit 0Avsizc. an,ilyv;is Is to wr teg
sequencet of c xampics of WI tint types. t he put posc of this aplpei)a ix Is Ill.

Wieselnt an Iapeo cost-ciefc tiveiiess eoiiip 1l isonl s' opl ied l ii uch anl
CXt(ýIlt thlit the -LC 1 (Iijpli 'ih the analvsis

T his ex Ii r11e is a ftictitious on'C litiwever, it reCmh~ile,; diel kill( ) mif i%

IteC)itilI1!. i''mtpairedto inilien~c weaporn choicee' S'iih slitlies ýi ot- ]),)t :1\av

as Wel CI oneiiVCLIliald eXeI~ttid ;IS tile eXnI-plicil' ( hImpter II stems
11taIvs'l h1.-ere 6rP example, is klelicirrtit Ili ntiineimti r'' 0 iv~t

siiitp''! SC11,.0 0~ prMeikt~i iitilk-Y' oiifac s tht %koilI ie hijvan&Žtetllt

ettnsitltr tiuhl in anly real analysis arc siippie~ssctt. Itor cxlltji1i': mi nayi
4'fli th peittd performance of tile misiles ji; inclnuld:d- tt;"s at least \'wOiiI(

he hanrl )I ani actual. ;anay!;v. /\rguinclts it) suppmo 1Ci ~ mFto 11Ce ffcdiietiiii

andi estlimates of their miieeiiicy aretn,or he mlost hinipotii(ki Iaet& ill; il it

comparson ofiiissic svstriis~oitici f~ic~tor, e~[c iiot con%,'ercd thliai ;iw
hie - Iaimiiaf to i',rii itm mvsaliations by UIC0IieP ;ieto101 oI'- ý11' W Ili "t, ýIil

miiel f;ýCt~or ire triic(lenTtv lY iticttit lit ita;;! iawe

sonie (of Ahich mre always present, an1alysis sin0 Ii s This is; kusua;lly lili1chloikI r

thant lio aitalvsi!; at all. Sec~onil,'hecaluse ol 111c titillz i* ii;tclihii l1IliltIL

tile tiluiie availahie1, and thle context, systemS arta~ysj t-c on~ht tily'iii
relative m;itsr, I tither examiinati~on can al1ways IL'itt I t) pieitt

A lll. NA 'A I Ii

A,,1
xl~iie thu iollo-wiiii. iivpthctAic;,i sitmriatimi:I

A,; , conwsctic iri.,A :ii dcsigu~ toil iwtttt~tt if 'i)5i iv i ll

*gciicratioiti ;tiaitcgic lnisiics najve ee h siii 1ite

A 1iw 1,1fuiirt, ~. ittiih ittun tfhe comprftition ,Dceif V hat Ilhli

A ~s lit ot (lie (Iigiiiiil Icetllt im cI,ii. a slinittil 5tstwd yvb

briefingi ont the atternoun of tiC flist dajy. 'Ilie siiieiit We1,1,C d ik1 Ci;i t/C fliit:

analysi& diliriig wol ksliop session1S. Oil tchal dyttliei' 1cvtieiMins., Piiis I litrs
'Stptlicdhby the fac~ulty, were discissed, TIhis example fitigtd !seIve Ili 'irne fmil jrod.

34')
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ioc to 1w capalile cl- attarining. a certain irrinimi-rri rang~e indi !r0 to be
Ail-wN ith iii tweNnty' m1inlutes aftecr Hci ng put on alert, friom hardened

und'erground b-ases. These- bases; arc to he locatod onl Ihe North

Amecrica -n continenit The two' contractors sublmitting the designs have,
:Is expectod, colle uip Nith ("Iiflerent scliemecs for the Unspecified char-

a(Ctoristic~s, s1Ch- ais propulsion :Ind guida~nice. "Ihis. in turn, leaids tfha'c
t-Ialie te d, Iero Lot 1po iicona difk-ritcn st inma ts of accuracy
and reliability.

A decision 1s 1o .e rIrac llIto devlo LM1 One Of' thio propNoed mnissilos, the
AZI 1tW or lie wiimii~ [irei prohiern ik to decide whbich proposatl to

We fri'icflr assume [iflt soic ic anralyt ic grollp is asked to cond oct an.. cvialn-
tionl to sssti ari ing t a decisioii1.

A lraiiir lrec h',,poalralikcrl ruIissiks ire- cYSeiltriillIV simlliar- VeldeleS, ho01r
a: l''jii~~1 a~., a~s,, i s -rw! of raiciiiltr) rcFlulivcritcnts, it is :ioi inrneodiateix

cerhow sureli k~f~iets als aIgC:Itkr iccufiracY forF oneC SlrOufa he Weighecd

agarursi 'a nioreC relihiclbrl ailei iii ioutifre Ow thne. M eoca (leciiori
C:;roacut, I'C;'rac 1111d pea11.I oi rrri ur ,; (ii'o technological conideraltilonls alone.

Manri\ factors colirci-ried \iii ' td opeiait icis, :i11d 'logistics are- invorlved

All 1w rrardieri 1-i ril esarlickd curt.ý 1111i i dcuial oles1ý 0ICVCirmoated. Or R

IlWIre C's 11roaefrt crucMIfTier t mb a loical lri.IHIcwork in [ciiw Ao \lssIicli the

x~cco , I 'l 1%(-,,sc (10r iircc' hta , kic ll 'I' Inimcc Ife Iwo bciccr4ý c..flicrti\'

cColirsiderd) cr0 ilc `11C irec arid( a Nist OHC. elSCIsIr. Tins is the p~rocess (11

Ific kinid of ials: ;c,,klcl for cani I;ikc. HIriMi LdihiTcilit lIOiiiis. VLe will

ccrrhirc hlc Sifis il( onhpccr ilV picscil]iirg 1 filili hIriri cc11 air 11 rc1r~L

icsrI rhiih arr.. i crc' ; rd rnw Ic Hlrg ct ;It fo old w ii s tf1;rt niight oll fec wrsq

Ice cvei ii oked.

I ul ist rprv iir II.T tho (loicet Icaclcr Ir prinir'p:f ii vOv'.- tit cci'- I'. aI vIIIg

.II H If() r1w: I i cviev (If Ic v,; s l ck tr I i e iof, hiieieiI i Iis cnl'Lurroir rori rc cr In i~

trr r ý craialcrcr wals to kdcci'le wlrl~l cv]jclciicc. icailcf fcw aocnvirlcing icc the

percira 5 ho nmciil irrake fi tleiso r It is iiinilcuiedirly~ Clchiflthat thur suciperorily

31 hi; av sorrnd fri e salesnirrship. hltr if ili' analyst is gccing tc 'cIterarjct tco

suibstitucit airtcchr 'sct Ocl 'adirel fccr Ilcirse held Iy thre dccisicccrcrcaker. 11 hi as Lin

arlmost illirpo.si iclc task V

'IJ.,
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ot one usile over 'Ile odler [cainoitihc Lil'e.iLled onl ,the haois of1 ti orn lanlce
alone--evenl if no ILinCertaiuitics oit prediction existedl. All our- cstimaliteS inldicate

thoi 1the GRIFFON. even thou~gh it has a morec refitted anid accuriate gu idance

Wyie ill XXihe conlSilC~ialv)I Ch1CaV1 ýto pr,0 odu0ILce Onl the2 o~ther hanld, the

AZfLC because fulel storage is easier- anci its gulida nec systelm less Complicated

:ini more, rug-ged, will certainly be checaper to miiin iiastater of operationlil

1ten:d mess.
''l'o choose bctWCCli 0heSe lliSilC i WC weii Ist corinpirc themi in a cont~ext

tha tkes i oh-clIu hs ese lent ures. To do this, we mutst somehlow

llinislel t'ie tilt(Ifi eov-IirOiiiiien~t 11) vhi'Ch OWNe' W~ill heC tisci-l

The decisionl to deLvelopI and, fly implicaition eventually\ to procure (Ine or

lie othctr of these two ni 1issiles hap; nire~adiv heel Ii mado. WE! can take,( :1 lvanitagc

of this fact ill our analysis bly comiparing thle two systems as if )ther types

of ;lNc'!ponl systemis did nict exist. Wc recgniric that : I. is not qutite correct,

hot ton considet othlns. vhidecs as alternuitives xvoiiid.' coitiplica'te the analysis

NIP one cain LAll us t,,orlay precisely what thec misspijn of it ssl force will

lie, five or sevenl N-cati s I tout nlow. wheni thesein. Iissilkes cnn1 ho opierational.

Be.foreC We caLrry outl: -in analysis, however, wc liced] at pircisc staticnicut of'

wNhat the nliiss~l Swyill is expectedl to :Ciecolinphisti It iiltiist. ofl course, hle

Consistent with fle ,'ne 6 l nhetys u ilitatry p~ostitir. First we \oLiIl

like to miaketh flciýlonttclear- war inii-i kel s. llttt, if it !omes-1 weC arc uitia est-ad

ill Iiinlitinip klitnia to oultireves a1nd (lilt allies andC in 1h~nn a lVoralbIe

umil ilirv aill politic:1i outcome. At the ,;mw time we % ouh W I like 11u; 0111 llissi

syiitto helep ,is aiicievc (Ilitiiuii pifi~le o ei1n.a one,

g0:t1, M.- ho0111 tla, COlilvtcC thle cilunm': thlat if i hey attack w.ilihev will su1(fu1

de-vastlating .daltiig 1circis~lv %Vcii.. 'Al ttve~iý r to ca ntcte

oinssilcs ill fernis of, this~ latter niisioii, which we think aipproximateiis dE.e

renrce. liTh i.weadnu that (lie role iif these- strategic misisile '4ystuiis is

toc stand alert, in hid ni-&ed posturc. maiking it a pptient to Oi c t ile nei. thalt

i tie himlauiiciie ii till il surprise attack Onl Thils coiiitrv, the: VstsctII will

rcesnoll, destroying stich a lar1ge Portioni o, hli,, poloplili in liiid iltdustrial
eeliCiieislla hi. Will Holt ,,Lc [he*0k: ataL: e thle ioeii1'iex - 'lA I i

is realhIN iniporupit ticu isit onlyi that Wei cc ["!%- ll,i 2 0 'i Jini c ~fii

nit tile capmlhih. i-ti: ofI th vsste.m. hut 0ha the! f l'!liy I1:e%. it NvcXvi Owti

Col inon111-:1io i>tI i- if iii is iifidci tidte ti tc emien illatiy well1 dilicuild (in tHis

chin .ice of sy"Itum i i. Sini ce these, Systemsl are sio ani tr owever, we huvo !lilt

imivestigiteil this factor.

I iiitorlinintcly i or the ptirpouise of a1HalySiS, theC VemIIh)Iiihiluu Of aC reaidy

iiiissil Ic oi cc to dctcrt etieuc can not he pre'ciselyi iclSulred. It is di dicuAlt to

decide aspects are impoitant aind howYN u-ioh tlirys contrihbute. (oil-

Seq uiot"'y, we were forced to define the objective even more narrowly, hopin~g



it would remlain a satisfactory approXitnakion1. Tlk obeci e witr eachih dcgtcm
is to ricquirc and mnaintain filhe cap~ability o0f deQstroig iha ihdge

of con-lidcuece, at least 8) (if the cnemly's 100 largest population1 centerCIs after

for thc comparison is niot to be consti tied as at recommended target objectIve

for a str-atogit, campaign in the event that ddierrence should fail, nor the

mimber of tar-gets eou)ýSidorod or the percenitage of destruction required to

imriJY an estimlate of flie miatniiitude or type, of the strate-gic hombi ný effortI

14u0i.11d I'0 ai--our wAlF The SjysLem was chosen merely as a representative
hoise (in r.nrge and distributionl) upon whiich the capabilities ".of the two weapon I
smstems minght he compared.

We Oeidd tnt he 'vseuiCapable,; of earrvi ng outtis ninission '0 ith the

lowest' total expen~d iLureC Of I )CpaMnEn11~t of PDC reuse finids should "'rcc-

ommeded.Sinpce neither misRsile is very far adaiiccd in dcevlopiueiit not

mnuch mone11y has beeunpe 'I)C as yci , so there is no great probleinl 01~ "snk''

funds ito inluenlceC our chIOice.

To make the criterion for en nPM:iparion (it these Competing svstelis even

tnsore. defhinite, we -decidJed~ to comparxe them nimi-ur-I svstem costs for- each

system~..to accoMHpiSh1 tI7_ ob~jective just Stilted.

The system cost is taken to buh the total dollar. iIivVStiiCint requiireid in

dervelop -and prociure the Fsystemn and maintain It in a sALat if' operational

readiness for a fouir-year period. It includes the cost of s~teh iteims us lissilemateial crIN tamm, pactce Mssiesbas contrutio., MILL1111getc
1Ihe systemi cost Is, of cotli-sc, ý.ccI'..'!"e, it- iUA su h tl I gN Ih eOf 01Cslv

or number of i;ss;Ils ihat cam be, firud 'liAt the -,ane time,. the -ateo ie

and thle state of, alert.

Fa~ch O~f thesec mismile systemsý cani bu kseu urndergrouinrd and hardened to

an equal degree. In the nimilysi,, we liaý: smilte h assfrbt

systems are dispersed and hardened to <-the -none sDtaidards niakiiug the

-necessary al anefrdifferi'nce ' in dollar costs to do this, of course.

('onsequently, for the purposc of comparingt thle two mis1sile svsteiis) we. felt

justilied in. Ifurther assumidrig that. the effects oif enemy attacks on mu ground
ie~ta~iioisCould tie ueglectel.

Pte Clcho ice of I 00 its tile 5,1iu111i n)i tkirvets, SO is, the mmiiibi tobh

dcstroylcd, liud fou? years aS ill,, C' ,t-1-ts pe ri(0 wl!s ukt.j '.Irav hilt dk 'lt not

favur- v.ither systenm apprecciably. Wc, did otkoi. thV; Mt tIILt Itar ht later'

.comptttatioius uti~iig oilier tigiules, iiade this: appareut.

The cost Of m11iiiitaiuling a Imisile (1on a1 lauincher readv fir filiiag goes upI

rapidly with the ittecasc in crew,, andi cqr~uipmun reqtuired. !f) aihiiii eithcr a

Ashoitei alert jiciod or- ii higher rate of ireC during coiiibat. Aui increiase in

theC number)CI Of sneb: "ready- haunlCherS Itends. oil the one haud, to Inctrease

I the system -cost bc~auseC launching facilities arec~plsv In Colladi~ I 6



the miissiles tbIciiiselvcs. Ona thle other hand, it tenld: to decrlease [lie sntol~ii

cost beca *use larger saix'os canF he lireCd :,rIdL hience a sn~aller percentage ofI
thce salvocd isiesis losl teIwnvd- l'e on ca~i salvo~. Tihis phicnoninenOnl
occurS becauSe 'thle defenses tend to become- satiorated. .To'ýI eomp5j)e thlese

two missile Systems, we need to determirw, for eacth sy'"Itte the proncr number

01" e1iady-janldiifclFs requ~ired to keepI Cost', At a1 mlinimu.11.

T~he operational plan we have adopted is essentially the following. The
missiles are to he located at Jiprd IId, hardened hiisetý on the NorthI
Amecrican contide 1cr: one in issuec is it) he lieuid or, eacl iub inrelv

status.S III our cost computtions w~have trldt rarily used a 20.-i linu~te alcrt,

period as standard. T.his ispossihne withi eitii~ TdII(esign althoUgh [tie Cost IS

not equal. Afteif flic order tt fi. is given, as many missiles as possible areI

to be fired minied iatelv. 'File I ntiinchers are then reloaded and tilie salvo is

lPneny qhfis agaii.'i lhc~s c issiets are ;issiilck od bn e (I) ;% control aInd

warning network eapahle~ll of deluetinTi, ýIid WiiCkiiig! a Llage nmTlber of incoming

Missiles, and (2) a limited Inu~inhe- Of iitiniissi1Cleimidallatioi'. Sinice the terminal

pliask: is lime samiei fuI *h1ili ilissI iies, we hlve assnnied,' that aily anitimisisile
missile that works; against one will be cqnaO', oilc.Vce xe ia 'it the ol1cr. B1ut,

because lhe effectivenecss of anl aIiitin issle;S i i"Ssile live years froi flow is aiiiy-

hocsly's guess, we have made the dcfei se sire ngtli ai pa rainvi r. AItliourh thmis

parprnetor iq -a ,sjnm mi' to he tue samie for lthi it nk e,ii; v'.ltm' affects the

Opil ;o alVo, si/C, which Is ,,oi tIei saiIm. 101 orhoLi ) s0 i f e oe the,

comparison islitct

To prepare, a in allieiniatical iiiodel liv whlielli a coliparison d tile systemn

costs of these two missiles canl lie coiiilntcd. tile stepIs inl aI strategicC (uanipaign

q involving thecm 1imii1st he thoughit thr~ough aitid iiuamd.We f rst set out to

build at Cnolplete wiii-galiie iiiodLM al, pi ogiail 1joi t hc (le orge digiital coml-

puter; using Imunte Carlod techniqlues to simulate the "behlavior at "the various

attrition harriers. Hiowcevdr, we ran into cons.id mlorld diil iculty w~ith this

plobgrain and are not y' realdy t(o- comoiptlie. Ki'nce the tiime ICIIIalinimig to us

is short, we have decided to g~o alile ,,l~lwit a! siriiplificd1 \erýiol! ;.,f [he dectailed

Dnnde1, which llsf- (lie 'v''i' iiepect1ed valuec iif C:i.'11 stage!( ini the conl-

,Saituration (ilclirs wh en siicn q jitipe numri Of o~iiiixxiCS rc;ieil tile (nmCi my
defenses-that aill his ,'intinli wAijpejS mel( :i111i i IllH- ,tirm. umii'ii ve'i t

through w~ithout heing filreat
5'the purpose in prei,-entiiipm the djetajiL ini thlis eS;ljp~igII~ i'; to heulp clarity the,

nicanimig of the ter'm 1mod)(el''. 'Ilie, oiie pieseited licin. is diastiita1ly simiiplified ill

tile interest of illuIStiation. Note some of the UmaicCilistie: feaiimes:; Allth ilpet'n
of defensc- and damuge atrc cornpres cýd ijote a sit g rantr,; n eon i jm

otc I:gographiy, coner c(nisn)r ityf pawiamcic rý, 'Ja listical fliti t i luion, etc'.



puit~itionS. WAe keXpect eveiitailay to LISC tihe li[Ill-SC~tl operational1 gainling1 Model
6 vc1A Vhýs *(l uLo,

H>Fie zetlenco (11 e'vents that a particular missile tISe~l III ', Ultatgic ealiipamgn

maly pas's through is extremelly uncertain. Any one of sc oral things ima%
happen -to the missile: It or iNs launching facilities miiay lie destroyed in the

eiln)my'S fir~t strike; It 111P '[nil al 'COLiiItldow andt not he readY for tirlinL at
the SChOdnited ti lIe; it Imay have to be destroyed after takcoff: it may iiis',

the target or- hit it and faiti. to explode,: or Wifmay complotho isil-i~sof suc.CCss- I
fully-. Yet. a\ui iugw know the ave rage valutes it' suich uncertainI paraninteisas recliailit~y and atccuralcy, 1,hil theC lateC Of at particuIlfr mIissIe C;11iin1olhe

[Ir1edieiev. theC fr;acfjun of the cae:;! in wh1ich ' ach Ceotitiugulc\_ý bklsLiih
foreeaf:l with greater and gratr ccuracty asti 1.1CiIhl[fr oj liist;iCS inVoked
HIncrease. Aloieover. we also assmlue tihat 111e f'ate of, anm individual Iiimissile :S
C'St.'ntja iv iltdiepende:iL 10t 'the 1, to of any) other, Since thec 11mbe11r ot mlissiles
imvvil-)VL In tllesm2 eaffll);Iiio!II workedI (lit N.) be of thc (4rde'r of 000t 01- more1.
misc of, I t0e "\Io' )l xeted vaIlue inl01 Ciii ILG~ conlltl ýCiil W Lcni Uite adequ,1Late.
ý\11r1hiehi. is; jmeraps noo great a inliiemoi.it eriahlle:, us to mrutcaril

'Air

If -I
1"l I Ri:

P'ctI

Fig.± )31Fo jagan o isl av

---- 7-.-j



-Ilc miissile C ttyillailgf (F~ig. It. I )UI stvsWith 0 iitimbcr t)t nf Ilissiue, den otedI
11-y ti. reattV onl tIwneh:1rS and standinty fix ,)i 0-nninuti alert. Wh en the order
it) lil-c IS IVUN'Li. , iiiiit prepai ationMS antd thC :ountddown [)C.2in. Ui iS inevCYitble

-rthat somne nmissilcs xkill not pass all checks -ind be ready to fire by the scheduled I
firing time, Arty m1is-sile thait cdinnot he file ithi 1 5 minuties of Lthe scheduIled
fiuino I tine and is repairable is held or01 tile neCxt salVO (these We Call gon

aborts ) .~ 6ounld aborts are held, and niot flved singly because enemny detenises
are IS.ý-1ChL to be essentially 100) per cent effective against a sinple mislsiic.

,)in pe'li Lrt ige olt the mliss.iles that are IivilC :if)()([ anld muISt he CSI'V`I
iI le per1Cenltage alctua~lly firved is represented lby R' and thle f'ractiouiol' those
I hat ;Ire Ili ed and (to no't abort by r. i 11ese1 two f ractions Cannot be repiesil~tekI

yat single factor beCauo:i. tile t!roonld abhortS canl be .ieOpaiid and usedCL oul a
Liter salvo, While an air abort is at missile cxpcnded&.

We astnmetcic ecxists aL "kill poten tia il, A. whichi i~s at nuas ie ol eiietii
defenIse strengt-h Ond of [the olleI n,ýi ve missile Fitnvdsliy tis numb i Oer
represenlts roughly [lie: eXpecCtQL iiiili1CI of' Missiles tha~t would he sho(t doWn-I
l)V (10tiny dcfeidieCs under saturaltiol eOrICI10itioN.. 'Iw probability that at missile-
Will "11ivivu h Lee 11 es c Lim dwo :1 le jiji xt I 'icid. liii - liiw alk At mi,

by 1) -. I , R If the, mminhcrI ofI MiNSHsie enterIing thet defense, is less
thanl A, all] areT as'auue1d ShoridWciwn ad 0 I. T[he vlp;of A arce a~il,.,,iec
to be tile sallic for Ivith missiles. We have parameter iZed tipls, .tisg A 3I a

-abha' ica

NIiit all t~le suillviving, I issiles do damilage to. tiiiligt. lic , hv, tI . A

nLit~liicasllriiig the probability lhIonia target is deIstroyed 1w a 11imissle that

rcachies the target area through all the attrition ban rs-iicrIINst depenCd i'o1 it;

valu tiepon the characteristics ofr the lt .tvgt, ft(e yield of* thle wc~apoii del ive red,

theC aIccura'cy (it del ixerv, and thle "HeasiSIT Of (11estrnetnii at w1. WiiWC cN LHose

to call a tn-.get destroyed. ,We. adoptutd destruct ion oTSper ecent ot the
targut's, tcban COnstructionl as anl adeqIUate standard.

C ost estlin atfos for the missile alsn include thc cost of Abe weapon. We hove
;v Ie, 4)f iou rse, that thet LISe Of-1tte liree'0i.,eL w eul o cv~j(f onsjstiollit Wil

p!' ray -. 'waicte'itics of the ''. I'-tt the lowe' 1erl cost.
The p~rob~ablit:,y of (L:Sti Uu:tiOJI for1 Ci~ii ciaret wacompitiedil5-as at ltu ne~ru o n

of, del ivevy accuracy obltalinable with thc parliti Liar guidance systeml- elipoypt cd.

For ehwaon systemo oi nean valu-to k of the vatriouis probablt'i(t-' at-

fu- fi- lic h -separa~te targe!ts Wit!a tliICn tonipu)LtedI -tv-;. iis sei I; ir

all tar gets, interchangcahly. The value (If k df.,pends on the yield (if tile war-heald
as ,wcll a i:-, Ilvrti11very Wire-v t imr ri6t.iitnn thn,1he expected numlnd

olý1-A-vjg hi-,- ;pr 5alvo cant e c-xpi eýssd a:;, RrPhuin. -

frhe percentage that aborts (on the ground biot cannot bie rep ired and noe;t
.be destroyed is included in the compuitation.,with thle air aborts rath-er than with
Lthe ground aboi ts.

V.

If



Shieilccths' m"ikýie\V~li provide [to niiiiiis of Ir eeon 11 ussaice or daina[ge
ls'~sflcl[0t 0111:611) a htei eI-I tmlideiick thai at !east 18.0 ()1 the to() tilrigets have

been ic.sirovC(I. it is iwecLS-arx to -vckill', ifhat iobtaim :mf ;ivernw of
more thain one hit pci erel ( allcuktiuns lqivjat Ilia! %vhun tho ex:pe eted

luliumber of destroying hl,,;t pur target. reaches -two, thc ~oac thzi~l8t or
I iol-C of thle 1(10 tarue Is have beenl( iet .oVe Ikill w I rokc pro nic S e
cent. IIn .our tomlilft ions wve reeae savo uni ei xpected. numbier (t
hits per target reachied two. [be nuiiiher of Tepot iti i-is thus gave usth
reýqlirdliiil wuber of satlvos, N.

7. Knox~iig he n vi ci o salos. he iutner of' mnissiles e spein ld pel: salvo,
and thw Cosits -No 1  e a~ o, exlprc.le !the evr-l sln o'1 f'or [lie

eaflipii itil luIaligamsd

~~ ~ ~ *i Ciiii (111 ;1iisv ('IL II tuCiij~i

IN ihe lIkIIIll- lL'c vi itssiles anoditimecd

I cuts' out a lai~olici,1:

s~cond tl wIII, !%N. .11A'11iC epiese(A the cos oftil iiICSie ;Wctl]ully tired iln N
silvos: aind tlii I is! ciu ii.. 0 (I kin, iCI- pIl 1110 its th Ot f tile iiiisSile

tinit grui-oul hlot t oiii the laist salvo amid;i aleot fireid 'I lice( r-ost coelficicnts;

IInclude the: pro rat i shlat 'of the cosýts associated Ivith eachI wcipii .ýYstciii

for Such iteml~s as dc el~opiiteiil, prolicuirt ixetct ieU '4,t-Itc, tild

tn~ini'i'lns fee' thle f-oirr-%1k;Ir per~iod. thely atki itlietid (rt )al It the

dv":rcU:d t Ivt tic, Ivid colmtct:[ oif vupcatioli. -

i. l i t Va LtC! tSel III our OIIlIj)lt':tl~iIIls :11-C '1Mi I i llP I ih It
In iilihCIl~luIiC:li old louejeal ici it ls an rid (ILI; ill 1iii' :sw elfon

t 0 ~le UdlW.01J. II j[RCII-'in.,ý C, 1li I.;circ. lm ktio g

the vf -o l -aItoitic rather httl~~iil e In 01mi InICtlttIalltities
~lio Ci 0 iii~iiC5lir th woili j~is lcv t i d a .s ol ae , 111 1C et re oi

I!i 01:0itte~i that tc',e sitivit) o IItIl' iS I I ill rw sult '.Xii lie

cx pr~5cs.s ldilJ a to Hic [lie iividuai paraiiieers.

.utlcitakilics in thle Iest estimates for these paramneter,. 111a -arise frntii
ft ) li ozovil Varliations,; (, niiiasiiciiiet errors: (3) ruatigl appioxilo~ativits of



etiaplcx iclre;4),it~ t auify1.e somiatos such as hulimar

performance during t hcrilon Liclear war; t) the actiolls 11 lcf te ner-ov.
L~iSL iflrtIftc can lie lau -0!a diMi..at u-t.,L4

resuLlts shouldi not ordinarily !hc considered sign~iticant unless tilcs c--n lie
upporteIt liv argoinents indicating that these diufi'eeii~cs are in the right

dirct ion.

TAM-LE BA

Cooiparisail of purmneter valuen andt Cos;ts of' the two lmissile systemls

Itemi (iIFHP4) rl IC

P'arameter valucs I
I nlrci git reliability, rI5%

vu1cn0'tY killt potential. A 30 miistiles 30 miissi cu;

Mean probaibitly target destroyed
by a delivered missile, k - 85%o 06%

Costý values (millions of dlollars)

Cost Per miss~ile. c.', I61 rp.m

Co t -1: lail r1 ', (1 (']51)

t. 1 r 7 ( 1 0 53 80

6 Slir Yi. ,3.I

; 0 ~Irm 4ý,,6 33.1
a1 oOt of maintaiinia'- n missile reudy on. a launuch 'to lire within 2( mninute-s -

aqftf-r orde r.r-
biis the time rc-quired-; to icpmuat a salv.

leCt a-S e01111111- the s-yste.m cd4t(if those two islo iner ttri ,
interval and ttotal lengthi of iiime acquii-cd to uiivoaut tile r:quir tr zc

The fiirst coipa risoii Fig. 1B.. shtsssemis 11 e saanctimi of

* the firingr inter\'al, i. the numbue of h61r; Vc!reiicl to rel-oad ai1e6 tire a %econd
salvo5 . Sinuuc umsidtera bly lc ewer pur.sotncl and ce- qua pmia ;iciia reqtti red

7 -T4 f nt or tre oon.,ocihenmatjrally inclitird reader. To compute Ihe Curves '"
Fig. 13.2, it is necessary to determine the- myinlimump value of the system co.st, C,

* for- each missile at the values of t listed ia Tfable L1 .1T i ihv~h iieic -'
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ats t his iuterva1. Is iiieroasc'.l. au'l H~rc: h,- SV.'teil COSLs3 io do)Wrj .Thiq
compari' :ctt:Yi idahsSuilic, I lt very lNthl; advantLag for UIC ~ Hs~ii

loprson ill terms oi i Line Ili Jit 11ivL 1,-, notflLVc sigq&. * fi 17VOear not

intcrecid in the firing in'crva! eeepit ,oso,1..r jx it afect, ',bL diration of

the Camlpalign anid th)US our a10, lit) u nght and win [Wv- war.

Figure B3.3, whviich ,hows systemi cost plottedLI as al function, of the total

timec requiired lo carry oiri [tic decstruction of the 801 targets with the required

Conlidenice. it'dicates, a sne'atgreatcr superiority for the AZTEC. For

IN

IAA iI
F

- ha.u 80i of 111C 100 i~r~~' c~ itie Ila% c beet, I.'ye

F-ig. It.1 L seiiost as; a funi ctioin of ai:tpitigi dtinirtion

ot fin leading ito the mir-nimum valiuc of C''2:0i hi; foiimml by fiiilcrciitiation. This ill

*not accidental. '[ he equations wture deliheruiTey chosen so as to nmake this.ý pos'sible
something unlikely to happen in anly real analyis.

To obtain the curvcs of Fig. IS. -i, the campaign duratioii is compguted hy inultiplying

the firing interval by the number of saivos.
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examiple, at an Oxedtr f ~I 2 itma e nrj ildict htte ~E

cuido thc job In. hallf thev OFime.

The degree to which a conciosiiun Is .SC1ritIsiiv t0 vAriations JO -the Cstnnatcs
or 1SS11111t101N 1s im1portant. Certainly a rceonininendation that the AZTEC
should be r~rcf(ejrred !.annot be rna~e if a combinitation of paramieters equally
or nearl as probable a the one assume'd 4- CSot suppoit thi j
reconi n icn-datifOil.

To es fr enit~ tyt~cotsw're ]lso comnputed using thc sam-re model but
making reasonable variations in Ll-e blliC inpu)Lts, such Lis numbher and hardness
of the tarcgets. standaod of Jestruc ion, strcngth of ihe (e!wney de~fenses, etc. No

reversal of prvfcrenr's a:s foLund, except unde: li :y4 er-7nc coninut-IouS

o)f prmec~ cloil it foj o ~ e tot asstitie that: two or threce para-
mieters would not Si1mult tin. ouSfy! WssuMCnie sn h ý'Xti ce tAes h assta

Lffect one have little to'do wsith the othcms-4 It is t, m'sýtu unreasonable

to' assign a1 prohntihlity ~'ti A! hih tc thC'osbuvo ce~~ nteLeea
conct~in. he C.sLJ~S of these investigatioin 0 -ror servcd to strengthen

Our opinion tha he-1 . is tinthe bette r bet.
The pr oject leader now calls Tcr quetitons.
Qrux,.%ion: What do voik mn!.a- '-y ~f ianihc sys'ltei cost at. s iv. a firing

interv;"d of 4 ligUIS? Wh1y i 0J 0 t ' s tciii cost?
";4nsle-r: Thc sysiseni ot ~i oii thý.! ivsi as well as file firing

inter-vai. X'or exaiipie. 'lit, iflimnilg. of ic~idy, lailinelu W, o' ee .w

would have, for the A/TFC, the t'Xpo'tOd TIM1Hiif III roim pit, tev:1

30 -
'Prmapk 0.85 (0.M~ (0) 1 ti) Y' (09 100)]t)) s

Th 1len the i-cquiirel :~ nHherT Of salvo,,- would be 20,0/25 S. Th1w sv~steiu (eo~t

for t. 4 woirhA Ihe'

ni 2 ;pLj (s) I(h (0.i 15t)I) 1 6i))

3870 F14 960 +I 331)

or S,-19_1hil~o However, if in 13ý5.

Rrmpk '~- ,0 8ý, (0. ) ( I.' , 5) n8)15 ] (0.0) 4t0.8
anid N, 111 he rimlmlher (it' if vos. wi uli be 4.9. the -- I C, wonI .1 beome

C.r h 1 illion. 1, 3- 4

I P, about :L1-I ruc, we, in J. f or t 4. However, the sailvo size (lose 1ý(,

th' vaiuo that yicid', the nifinirfur~il .-; no -vr Flguý B-.4- A'Iw ita o

th1is prdua ~~~ cost is" JosL 1o 1t, rniinirumun frcin in 1 -0) hrout-h
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if'Fig. B.4 Cost versus salvo siZe (AZrrEv, t=4)

QUUc~tioti: Are there hirj.c digmeences in. the nmui~kr of MAYsite iquired by A

it Pt~~Aswct; No. Thc ' Rii i:- 1N rcquirc hoCS n~ioi -.1;o; I' od I ucesthan the
A-7TE(- for A umInpaipn of the sanie durnitin but tM diffeen-ce is h.ardly mimnifi-
cant. Figure B1.5 jiows the estil`11tcd hl-riiher, .7

Question: i don't iindcrs;t rd thc ground P'bov faoh. I .ouing M thec ost
r'ql la1t ion it appears 1t tilme th it loweri ng the výalue of k? WOOij U ctuct! 41cL~j

mit raýec it.-

Answer: Ihis is not tuwAe , LdLIf iv smaler, fewer missile's get (,v;!' md thlc
daxnected number of targd:. de.nti od par sAvo gms~ down let ms repodAN;h

V/
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U) Rl~p ipl m ým (Ill

1 . 1 5 ui tc %, y I I. I/ I c C"?

Cmsie - . mu -or

Xr 5 ____s u c sdme: sgvp frn 15

ho Pc. N z-6S67 Agi:in usig - lywe gco.

C- 135 (3x.) +4 22 (0.!1) fl 6 /) + 22(0.3) -$19.) (Iillion.

- ot;Sllic h t s VInLC o J-0 R ol WOIC lVCI-M! 111P CurveN.-- WOn it Hot? V

lnu~* Not quilc. 1For (his vaIlue, 1110 Olififu-iniiu syslitin Cost oc*curs at

* . a~' I 4. Hunk,-Itie cost is $ 19.7 biliolnand Tie ti.1meICIL ryrme-1 ut ton cI ici

U toupuign i? S hum. 1ibi point sdtil Aould be below that1 Onf the A U 1hIouN

ilWih'i u 'agle sal vo":n i~_ ~C
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Alliv.Y"I: It Mf1ight it'11eed, b11.t it W5Ottld COSt miore. Aeeoidm i.:,:l, )-stimlxs,

tisllg ll-'AAEI i wul tke4910 nissiýles toget the -1 Ieuie S. Oie i
aver~iage, it is cxpcctc(d thiat 714 rermain on thev ground, 83 are du-Iroved after
take-ofl", 30 are.Jost tc enem~y ur:J___10 miss, xnd 20 i./ 1 .p tlLu i jS n
reqlricrflctt to providle a rapid second-salvo caýpabilitv, t he cost of ro liintiining
a reads't AZfUC t~iSiC iissue Lropst about1 29 zs pliton. TIQc over-n;l- sVnte Ioi cosýt with

atzi490 goes uip to1 " 24 billion. Foi' hu siaiar xide thO[le (.fwiLCot the .:ost
of maintaining , ready miissile becomeis $39.3 million and thec corresponinklJg
system cost to carry ouit the i'Cqiiirell dtstiniction w~ith I Sinle"I salVo wGUld he

about [b7hilo. Ile number of missiles required would he N63.
Chies~lnn.' Did You consider something like a Salvoanahlf!Sv

(lt maintainimir 66.1 GRnTwONS inl a r';uldv stale, 1Vii 110t 1111t ,41IM4h so that 011u

initial Salvo plus aI sc~otid sa.lo- insO ill u ot 'rniund aborts would do the job?
'Suice You expect about 510 Per' Cellt to. groiiund abovt, th;:se mlissi!les cul1d he

ilcd to pick up the lairge,,,; the first salvo failed to tget.

swr'Ycs, !his works ouit fairty eai x.NUd ill 1iZ Ws way .5001 wiou.ld hij ti1C

NWith 501) ready, on. the zvera~o, 2`10 wor"ild fii '111d 2.11( peltriatieCt tile
d1cfenses. Of these, 1 7(1 WOUld ILe;:[ei 1 tJIU ilie aeaad weC wql,i11t oxpert
14S i: For a second -:dIvo, we ssouACi) bousC tile 250 x41 iCh St a','drOoil the
groticad. '0th1 e 125 would bhe expected to flir. I0 "'If 1([,i~n olV)t
reaeh the target. We would thus exo~cl 59 hits or a tota1 ~f `014 TIv, Cos W,0 l ti l~lk
theti be 501) (393 :1 16) or aboUt $' 2.7.7 billion.

Qunsthnn: Whilt nIctioii dto youl thlinkl We shoul1d reIiiuiieiiC~d on the hat'Js of
thIIis \'o r k?

4/oSuer: CCrta i uly, .1' tlcvelopullciu~t 1111115 out x" we have Cstiiiiated it will, [lth!
AZ II iS should he! the i:PreferredI weapon01. 'l Ile p t isi sto' vi h
de~velopmenclt to lC e uriŽ. We S11(016.Ll11 nsýie 11, thus j p 1o1( andot uiliVsv dOm!e
pFCefCi- theL \Z:-! F( huLt alothat both proposals shiould bC3 contiluinci ulitil m: afec
ceh'au n this new prIopul1sionl sysitem wild-;;work.

()u'StiiOn: HO :ow couLti dct are YOU of tho1Se C u IC,_1s"

Anxxecrr. C ilisideriins thC tliucertat;iicN ill Millie of tile C!utefaiilv. C,1a- *

fidlcut. '[li miceral critical1 f;I00or is th1C tel-itipit\eol theC A/ Iu 11Iopii'Jli

s ic the ftraction) of* grounld a~irsWere!' Il tj 'L' u"iritol J, 'I'(un

i~nlstead Of thL 15 ncr cenit which we estimatv to bl' 15' 'h.ie'Iici, I11'1[ f i Ii I [ON

i 10'lt shuw al"out the .sall uCeOst. AZ~h AI LC se:Vlrei1 iS fiit;auiir:ilC1:1V mote1
.~ýýliiI -1C rca .ITre shoutld be tewer air aborts al; lvcll .ahltii~ii'sliiicd41 Wuci

eclit for hoth tin atl-i afejiriori argunlenI t). Nloreover. ' ri :nu upr~lv'ue'itl

l101i.i1) technology carveiic~ In to. heia Inhis 1iiiiw,' 001 hotSi'',ldl Ito'~

a dt) putcnt increas' 'n the cf1'ccuvl: dammage rad tiu -" i ~ 1~

0c'urilii Ii froew 9 6ue

and fro 1:n to C fur the Si IIn turn, fri ', on' " the C o, t "l (1 1



Cam-1paign dural.f:n "by "t per cent for' the (iRIFFON. but by Mnori thain
""'vice find firS 11th; Azy- " _nv an a rtj alvgunnt.

Our k~fde~ Q W I onl Mwe~ nm!'aci j compniris()nsaor' Wi ari6

moll aware thai by fn~ile t'i' odel as well its by errors in t4e eitimates

these cuirves rnoght ev c l esd The point is that workin,, wvith these
Inksie." :1 hi, way !t1'nýi4.' s a grcat deal 'Llocat tilcni. WQele Conlvinlcd

It'.~ J.c'as w... .~,...Ac( xill irunrove relative to theriloN

S e-he ex-v-imot w~e bam" prsm i after AV!. a h-v>~l-ictical sadyh abouit

fictitious missiles. it hardly soenws ,rnsible to argu-t;,'-oo seriously about the

v alid it of the res uts. Mir exam ple sulker som ewhat fmi Ofits fic titimiis miture,
but we hope. it ill ti-traites both the failinizs Aari -the V jrttie-.S Of the SYStemIS
approach. IiCi .tii OIVl 'Iill ei

with the futow,.,as siMult in our lwpothetic' exapiple, Ihc, is5~mtnpion. n
open to elihleiNmy 1 lie coics Of a straitee or Comile 01 ahil noL v W "

!naiie (as in thc ex~miple) on the hm~ Ai Mamf QiLene ibIfl~l M3ignificant i

thie f:ie-e of unceertainties that exist ill the esint! o pao ,iiieter's and the
description ot cnvir-inCu. it.

One pyii always point out FoUS' Av ays to iiiprovc iie andysi. of th1
prohemil. But ilioulgh it is ala~ sto ido i 'TKttcr'aav it i h.ýrd t1 do

a good m e.
A he Lih)Qetwu 'e .1)11:na~l~ oI thjs t)ypC i! t') helpý Soiricoi dCLidC [)lie VOf-

taeito it i' not mereFly1I, tC dLýate thC aolilvs)t. It Should take little analysýis

4o esabish[h t1ies]tii 4) lcvlo pirig ;l m!i.N~iic Vvjitli Ol ,I~tiawj

liii ioO it ifo M) oiltln W Ii or)ll i!g. Use W- 1 a dLeg gIietdi i

future, A good - kif r n!. '!JL f~r UaO:lfloain funds pureI-ly to push

~:A'1onrue to the stank' It A M'ie RWi possthl to predict what the mnissile's

pt' ve wdil c ills lii ifi oll:r worit to hnyifi lLrm~ifiit AL.~ lic pmon ~c of

.............................. c. AZTAX . iogf1 j, n. it,~ gei .1 ýmaCAi Opi itiounil.l
*~ ~ ~ 1 k o Icsitetccgi fore it an eal L ie;i it we' , [Kiall the

-NsOuld BiIsiut theC ini a'. al nrlrul itkd in tile cxujlpiistý Went little rlevond~

1.IIthe thi n i anti their properties woutld h&ý esse ilayi platiteC a

51'iCe wxs t ho6 iiicrai sr.-votvcc weure yvery -ret'. I I ar~~ri'

ovlil,ýt h lr a~ typical cl- 11F(IrlLLIof past systemfs aiialvw. *4 :01, gel"Viic

a '.1 Iifl 'mfi'ioiishow Imuch miust, he Vpen hy d& a gtiven pm ii10is Wd ttltop
* Wi)L%.0imvat As e'cxpmil. iHut to govern poliy. "vnic ifiiiihnakm &Ol Ati risks ,



i"S L t t Lit 1 ,) 11-v eii SI ( itk\' i"'- -ni one pin h fo rm. I( caui'

Vrttics (if siiil ('LI xri~die inlsteadk. T hes e hive lnot link. thI''wovi htI o-. iv h
q Lje st; orns they ivvre de';siitc . 1 auoirsver hý) o' !,-lvcL itlo p1 V'hit ed .1 good mlu a r w
v lILtialc h y-prdiitdLts. Sonic ofi thucs ým ale 'ed helow,~.

.A,, it rcstiit of the organizedl svstcnviatic arpproaclh mnec''e'u V it) Qrinmaic

flii alnalytLIC NLUUyike pievi(A:IYiiyiýWl-FF )rngl~eed ;IlLYi- LL IV I
For exaniplo, th& telp i111 t thic Cot~itttolintdli it V

IIIi S I IcU iIV CSti tioi (i ,tIINIILos I thi~ltiii operltionl:Ll planl had l eveu bee'n cciiliil rcdý
inl the, atteilipt to miodel one, it lx c tniC :lppa!I ent tIrat dl'Ip;ie 'p il.hIC~l WI I
"'o. torrflidwibe thai avnothlir aii [U1 11,16 VC CCili i It' Chlio 'l I o! il 11- 1W-la 010 lIic.TI I I-,,,

Othe ana~lyxticiapproach (vc iL h. itt.the, eLlillitit atoll har.poinlts lip thle nixessdly

Gle111 )mlrilgOi.aI\I~ijit ocl.t'cs M-t litioli oii tiro'a a uei
lfiol~l Wvhich tihe ttp"'1imifatiori tlepcrltl'i

,Mtilitary liLodels ren 'lo.N LeisophrlI'tetId thii otcan mCi~nple e~iupla.i7si.C
things miany people have lou~nd,' hard t o l idievt. F-or fiv.taiiee, 9-lh models havye
woll acceptance for tile fact (always; es!pitirilneiplo' 11h at iileasi lies to IiI-

u issd,- 's let volixi able might pay oIl' even 'l. fle satiiienriceFC nonimhvrs.ý akccuira.Y

andtarill~ d Moreo ver, only a few yeaý, o ' flOlHthe Ia' Ilisi imnissile was. thoi ight

to he i nvlllnerahle on the ground. Svs,;enr analysis has tiomte a ~j;idea-dltlý
'haiige this belief.

T 'he j olfv l lookin~g at mny~u factOrS 'IiVItilltanL'OH'isIV hasit; le 10 do'

for eXaImple, Ll'iiiamiC'Iiii'iii1ith5 tot ol~ilili tom-". ýntci ;dvI~lsig; helps to

ma~ke' clear- whictrl Lctorn aire iplilLIt .111,1 jn Wi jlL II' not, Iit>lii'wlliN\ it,
ii oieirtji-g.tv loi ic -flort.

4.. A -systtems analysis provide%; i11 OXCU11liRIt t-IVi -liLii o thdinking Up
skihs~atiti ally mlolic electivc Walys It) 11SC tny W1,a pun systeýill beinrg iInvestigated. ,

Atte.\i pts tV6 "hea.t the mn el' -h S, IeG find way-,', to itpoeterhti~

! utinli jg if pesirtu'il[it ilt 's liecr iit' i utreiiltiallo ii' inttitivie leaps.

this way~. 1(11 ('a)jli' ii i'liry sttudy idf 'ih Ila"' :1 grv~'~I'l't c(ontibilttioli

!-v sitressinlg !1e.: inpOrlante of nrr[ie ri.W hat HIOW se~enNs 0holL)'io Wan ins hp

nlhitir oh'i(lus by Wt. picwi iiition ill A Ny:nten~lS UIiltiXt..
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